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Abstract
Science, Technology, Engineering and Mathematics (STEM), including Computer Science (CS)
are fields that are in great demand globally. This study’s purpose was to explore the nature of the
educational pathways, critical factors and commonalities/differences leading to CS
undergraduate enrollment through the male and female perspectives focusing on personal/home,
academic/attitude and psychological factors underlying the Social Cognitive Career Theory
factors. Purposive sampling method was used for this multi-case study, comprised of CS
undergraduate upperclassman. Participants shared their perspectives on their CS educational
pathway via three interviews and journals. Thematic analysis of narrative for both individual and
cumulative group analysis, plus researcher journal and drawings, enabled an interpretivist lens on
the participant’s voices. Five themes were identified in connection the participants educational
pathways to and within CS: family role model, sense of belonging, growth mindset, good
teachers, and you have to want it. Students’ early exposure is essential and most influential
within family connections. Students need a sense of belonging; and need to have educational
experiences and strong foundations in STEM core disciplines in order to be successful and
progress through more technically oriented educational pathways. My findings algin with much
of the relevant literature: early exposure and a sense of belonging is essential; students need
strong core STEM experiences to pursue successfully STEM educational pathways.
Recommendations for policy, practice and research are highlighted in the manuscript.

vii

Chapter 1: Introduction
Science, Technology, Engineering and Mathematics (STEM) are fields of study that are
in great demand in the United States and globally (Schmidt & Shumow, 2012; Wang, 2013a).
The STEM demand is partly due to the fast-paced tempo of innovation and technology changes
and shortages of qualified STEM-skilled workers (Spellings, 2006). To be sure, there is a high
demand for STEM skills, and it is expected to continue growing (Almarode, et al., 2014). The
job growth predictions in STEM fields for 2018-2028 are 8.8%, higher than the 5.0% increase
predicted for non-STEM fields (US Bureau of Labor Statistics, 2020). Further, employment
numbers reported 71% of jobs in 2018 required STEM skills creating a significant supply gap
(Kopach, 2018) and even more daunting, currently 67% of new STEM jobs are currently in
computing (Code.org, 2020). At the same time, in terms of the talent supply, the National Center
for Educational Statistics reported that only 20% of students in 2017-18 graduated with a STEM
degree (NCES, 2020), up from 18% in 2015-2016 (NCES, 2019).
As part of the STEM fields, Computer Science (CS) is one of the fastest growing
disciplines (Code.org, 2020; Schmidt & Shumow, 2012; Spellings, 2006). Computer Science
includes multiple career pathways such as theoretical algorithm studies, computer software and
hardware, computer system analyst, information security analyst, computer programmer, web
developer, and database administrator, to name a few. Following the overall STEM trends, a
majority of CS careers have reported faster than average (7-10%) or much faster than average
(11%+) growth between 2018-2028 (National Center for O*NET OnLine, 2020). Currently there
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are 666,534 openings in computing across the country, with only 71,226 reported computer
science graduates moving into the workforce this past year (Code.org, 2020), a gap of almost
600,000. Further, the projected job growth for many of the CS fields is expected to increase
12.5% between 2014 and 2024, the equivalent of over one million job openings (Fayer et al.,
2017). As such, CS represents a large portion of the increased need for STEM-literate students
and employees (Fayer et al., 2017). CS is so diverse and evolving, in fact that the term itself, can
sometimes be interpreted to be more narrow or broader in terms of the fields, skills and
disciplines that encompass it. For the purposes of this study, I included a broader definition of
CS which aligns with my own personal view of the field. To that end, CS within the scope of this
research encompasses everything from the traditional definition of computer science to computer
engineering and cyber sciences.
In terms of the education pipeline to meet the demand for CS technicians and
professionals, related curriculum can be found in the K-12 spectrum in various forms. Similar to
many disciplines, early exposure to CS often results in increased interest in the topic and
attraction to the field (Alba, 2016). For example, some schools offer courses or after-school
enrichments to elementary and middle school students in partnership with groups such as
code.org, CyberPatriot, Girls Who Code, and many more. Within the state of Florida, the
Information Technology career cluster enables students to earn certificates and gain skills
focused on computer-based systems (Florida Department of Education, 2020). And within the
2018-19 school year, just over 122,000 Florida middle and high school students were enrolled in
classes within the Information Technology Clusters (Florida Department of Education, 2020).
Unfortunately, the majority of schools do not offer courses at the lower levels and have limited
computer science courses at the high school level (mostly Advance Placement (AP)) (Alba,
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2016). Thus, there is generally limited exposure to computer science and primarily related to
participation in math and science courses in high school (Wang, 2013b).
For all the CS education exposure and the resulting trained/degreed CS qualified
employees, the supply and demand are grossly mismatched. As a result, data from 2010
indicated that only two percent of students expressed interest in CS based on ACT Survey Data
(Ashford, 2016), but data from the College Board in 2018, reported a positive trend regarding AP
CS exams with a 31% increase in students sitting for the test in 2017 (Suppe, 2018). In general,
while students pursuing CS in college/university have increased recently, there still remains a
concern regarding the number of skilled workers and job requisitions. Many stakeholders such as
industry, nonprofits, and educational facilities are concerned regarding the employment gap,
trends and predictions of unfulfilled CS jobs currently and in the future (code.org, 2016; Promote
Computer Science, 2015).
One solution to address the employment gap in CS is to increase the scope of those
‘typically’ interested in CS and expand the diversity pool. Computer Science for All, Code.org,
the National Science Foundation and many other groups are striving to provide every student the
opportunity to learn about CS (Bathke, 2015; Computer Science for All, n.d, Code.org, 2016).
The Problem
This demand for STEM qualified (or competent) employees also comes with a desire for
increased diversity, such as gender, race/ethnicity, and diversity of thought. Currently the STEM
field is less diverse than the general population, particularly when it comes to engineering and
CS (National Science Foundation, 2017). Computer Science follows this trend and continues to
have an unequal and less diverse supply and demand for qualified workers (Fayer et al., 2017).
For example, in 2017-18 only 15,894 females completed their bachelor’s in Computer and
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Information Science out of 79,598 total degrees conferred (National Center for Education
Statistics, 2019, Table 325.35), while in the workplace only a quarter of women have been
reported as computer or math scientists (Sullivan & Bers, 2017). For those women who do enter
the field, many leave during college for different careers or do not stay in the industry for lifelong careers.
Over the past decade, a call to better understand the reasons behind the lack of diversity
in CS has become more pointed. As such, researchers have looked at factors such as: exposure
and access to computer science coursework (code.org, 2016), social pressures and perceptions
(who “fits” the career stereotype), classroom environments and barriers, individual’s psychology
(Alexander et al., 2011; Fouad & Santana, 2017; Hill, Corbett & St Rose, 2010), as well as
cultural and gender influences (Frieze & Quesenberry, 2020). The lack of diversity in CS has
been so drastic that this topic has gained national popular culture attention in recent years. For
example, articles and books such as Emily Chang’s Brotopia (2018a) and “Oh my GOD, this is
so F---ed Up”: Inside Silicon Valley’s Secretive Orgiastic Dark Side (2018b), Cracking the
Digital Ceiling (Frieze & Quesenberry, 2020), as well as The Google Diversity Memo (Davis,
2017) and non-inclusive comments by the Nobel laureate Tim Hunt (Ratcliffe, 2015), all
highlight the gender challenges and sometimes cold climates faced by women in STEM and CS.
To address these issues, a call to tackle gender stereotypes at an early age in the
education pipeline has emerged as means to boost interest in CS pathways (Sullivan & Bers,
2017). In many cases researchers have focused on three areas regarding females in CS:
essentialism (properties that are essential to a person), social construction (behavior rooted in
history/culture), and intersectionality theory (genders have a range of similarities/differences)
(Frieze & Quesenberry, 2020). To this end, the role of grit and growth mindset has been
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examined in relation to students’ perseverance and overcoming obstacles to succeed in school
(Sullivan & Bers, 2017). Changes to the classroom and work environment have also been studied
in the context of more inclusive and diverse computer science environments. For example, two
organizations that have made improvements in this area are Girls Who Code and Harvey-Mudd
College. Girls Who Code has grown from 20 girls in New York City (Girls Who Code, 2017) to
over 300,000 girls impacted across all 50 states (Girls Who Code, 2019). Harvey-Mudd College
has also demonstrated success in increasing the exposure and interest of women in computer
science. The college deconstructed their computer science coursework to address feelings of
intimidation and inexperience for students new to CS and dispel negative CS stereotypes
(Sullivan & Bers, 2017). Carnegie Mellon has had like success in substantially higher numbers
of women enrolling and succeeding in CS coursework (Frieze & Quesenberry, 2020). This
limited research has created a gap in knowledge regarding the role of individual factors, family
background, and school experiences in shaping (i.e., promoting or inhibiting) interest in CS by
female students compared to males in their journey leading to enrollment in an undergraduate
program.
Purpose and Research Questions
In this context, the purpose of the study was to explore the nature (experiences and
perceptions) of the educational pathways, critical factors, and commonalities/differences leading
to undergraduate enrollment in Computer Science. To meet the purpose of the study, the
following research questions were used to guide the underlying inquiry:
1. How do women and men enrolled in a CS program describe their educational path and
desire to pursue CS in undergraduate studies?
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2. What and how have SCCT critical factors (individual characteristics, family influences,
structural academic barriers, social perceptions, and psychological) impacted women and
men’s interest and pursuit of education in CS undergraduate studies?
3. What are the commonalities and differences in educational pathways and/or factors of
women and men enrolled in CS undergraduate studies?
For the purposes of this study, students enrolled in a CS at a major university both male
and female undergraduate students were included. Students who had completed at least 2 years
of program coursework (considered an indicator of persistence) were considered for inclusion in
the study. Students, for the purpose of this study were defined as over 18 years of age, in their
Junior or Senior year, and a declared minor or major in CS. Further, students who identify as
either male or female were included in the study because the intent of the research is to look at
both gender’s educational pathways through the SCCT framework to understand if there are
gender differences in pathways. In turn, educational pathways were defined as the pathway from
middle school to high school, and through enrollment in a CS undergraduate program. In
addition, psychological factors were defined as attitude, motivation, self-efficacy, stereotype
threat, outcome expectancy, and sense of belonging.
Theoretical Framework
A theoretical framework rooted in the Social Cognitive Career Theory (SCCT) was
adopted to inform the conceptualization of the study and interpretation of results. Lent, Brown
and Hackett (2000) proposed the concept of Social Cognitive Career Theory under the premise
that people develop and pursue interests in activities that they see themselves as successful in
and that have positive future outcomes for themselves as a result of pursuing the activity. Thus,
in this study, it was posited that students pursuing computer science likely see themselves as
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competent in computer science and see a positive (and possibly lucrative) career path in their
future.
SCCT can be used to examine students’ interest in pursuing CS fields, and as a lens to
explore gender differences (Fouad & Santana, 2017). For example, Fouad and Santana (2017)
reported that researchers have used SCCT as a major theoretical framework for understanding
underrepresented groups in STEM careers, particularly with respect to gender differentials
(Cadaret et al., 2017; Fouad & Santana, 2017). As originally proposed, SCCT features five
categories: individual characteristics, family influences, structural academic barriers, social
perceptions, and psychological factors. For the purpose of the proposed study, the five categories
were regrouped into three major areas, so that a person’s educational pathways of career interests
and pursuits can be explored and better understood: “[1. personal/home] individual
characteristics… and family influences…, [2. academic and attitude] structural [academic]
barriers in middle and high school… and social perceptions [of STEM careers] …, and [3]
psychological factors” (Fouad & Santana, 2017, p. 26). I chose to group these five categories
into three groups because I felt that there are overlapping connections as well as a connection
with Bandura’s Triadic Reciprocal Causation Model. This model has three factors: the
individual, their environment and their behavioral, which closely align with the groupings I have
selected (Tademy & Clark, 2008). Personal/home includes both individual characteristics and
family influences. A person’s individual characteristics, such as their demographic factors are a
direct result of their home life and environment. Family influences, such as family perceptions
and expectations are based not only on the individual characteristics but also family culture and
norms. Grouping structural academic barriers and social perceptions of STEM careers also made
sense to me in that exposure to STEM coursework occurs in school (or lack thereof in the case of
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barriers) but also that perception(s) of who belongs and classroom environment’s impact a
student’s perception(s) of the field. Lastly, I left psychological factors on its own, because it is a
student’s psychology and how they perceive themselves. Within the psychological category, a
sub-framework aligned to Self-Determination Theory was also utilized to address participants
relations to competency, autonomy and relatedness (Niemiec & Ryan, 2009; Schulte, 2020).
Individual characteristics, such as a person’s social-economic status (SES) race and other
demographic details may not only impact a person’s perception(s) or feel of fit but may also
impact a person’s exposure and visibility into seeing others ‘like them’ in areas of interest
(Fouad & Santana, 2017; Lent et al., 2000). Family influences, concepts regarding gender roles,
family planning (work-life balance), and support from family members while in the crucial
formative middle and high school years all impact and influence a student’s academic pursuits
and career path choices (Fouad & Santana, 2017; Garriott, Hultgren & Frazier, 2017). In turn,
middle school and high school years are crucial to career and interest development; often touted
as the time where students start to explore their interests and take courses that set the foundation
for future educational and career pursuits (Fouad & Santana, 2017; Wang, 2013b). During these
years, students may be exposed to a variety of careers and socially acceptable norms/beliefs of
persons in those courses and careers (Fouad & Santana, 2017). Sometimes structural academic
barriers and social perceptions of STEM fields can start very early in a child’s life and can come
from parents, teachers, media, role models or peers. These academic experiences, particularly
those in middle and high school may impact a child’s interest and pursuit of academic and career
pathways. Similarly, the social perceptions may impact a child’s beliefs of who “fits” and how
they fit in and feels about, in a particularly academic community. Finally, psychological factors
such as self-efficacy, stereotype threat, and sense of belonging, are impactful in a person’s
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pursuit of academics and career choice (Fouad & Santana, 2017). Continuing along with this,
their perceptions of competency in math and science, as well as a sense of belonging influence
their pursuit of STEM majors in college (Tinto, 2017; Wang, 2013a).
Through the SCCT framework, studies have shown its robustness in predicting math and science
choice, which ties closely to CS, in a wide range of populations, including minorities and women
(Fouad & Santana, 2017). With the need for more people in computer science, and the current
limited diversity within the field, a greater understanding of the factors that impact a person’s
educational pathway and desire to pursue CS, through the SCCT lens is needed. In this study, the
premise of SCCT, modified as noted above, will be used for conceptualization through the
gender perspectives, as illustrated in figure 1.

Figure 1. SCCT factors and their impact on academic and career choices of computer science
students
To recap, the purpose of the study was to explore the nature (experiences and
perceptions) of the educational pathways, critical factors, and commonalities/differences leading
to undergraduate enrollment in computer science. Figure 1 represents the research purpose
9

seeking to gather male and female perspectives related to personal/home (individual
characteristics, family influences), academic/attitude (structural barriers in middle and high
school, perceptions of STEM careers) and psychological (psychological factors) which
encompass the five SCCT factors. Through this lens, I sought to characterize the educational
pathways and explore male and female differences in terms of experiences, barriers, and supports
leading to enrollment in an undergraduate CS program.
Researcher Narrative
Life changes, with all of these changes come opportunities, challenges, things that will
impact you now, later (or never). I find that, for me, my path is a constant circle of me before,
me now, and the future potential me. Those who know me know that I toggle back and forth
between my catholic upbringing, a male-centric work environment, and Ayurvedic/yoga
practice. The concept of being or believing in these is almost contradictory.
When I was younger, I wanted to be an astronaut or a doctor. One day, someone
influential told me that I was not good enough and I started to believe I was not. I took this as
both a challenge and a confirmation of my less-than-ness. Fast forward to college; to pursue the
astronaut path I studied Aerospace Engineering. I was often the only female in the class. I never
thought much of it and did well in classes until Fluids, a class that just did not click with me. A
teacher made a comment once that ‘girls do not belong in engineering.’ So, when I continued to
struggle (read low B’s) I decided to transfer programs in the middle of my junior year. After
graduation, I received a great job offer, and once again found myself being one of a few females.
Many days I felt as if there was an underlying fight proving my worth. When I think back, I am
not surprised that I constantly feel less than adequate and why I focus on giving my daughter a
strong foundation.
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I started studying self-efficacy to understand it, for self-healing and, hopefully, be a
role model for my daughter. When speaking to other women in my field, I feel many express
their struggle with imposter syndrome or the need to work harder, faster, better to be seen (or
perceive ourselves) as equivalent to male counterparts.
As I started this process, I decided some exploratory pilot interviews would help me
refine my questions and understanding of the topic. One of the interviewees I chose was my
brother. Part of me wanted the practice in interviewing and the other wanted to see if our
upbringing impacted us similarly. My conversation with C centered on his understanding of selfefficacy and an understanding of his self-efficacy sources. C is 8 years younger than me, but we
are very close and have like interests. C has a very strong sense of self-efficacy and draws
frequently on his past experiences. He draws on all of his experiences in a way that he can better
help the athletes and patients he works with. In his world, he is often perceived as older thanks to
his frame and some gray. He remembers being a junior medical provider and sometimes having
people question his title. I can relate to that as a female on a manufacturing floor and having to
fight the initial reaction of some that I was the “new Admin.” We talked about the adage ‘fake it
‘till you make it’ and how that can be deadly in his field. For me, presenting a false sense of
comfort or an outgoing persona when I am not feeling it has become a norm; but for C faking
something in his world can impact the health of an athlete or patient. C has such a stronger sense
of belief in himself than I do. We talked a bit too about his wife, she is in the same field as him
but is often one of the few females in the room and is very petite. C shared that it is interesting to
him to sometimes hear how his wife and I feel in some situations because it is not his immediate
reactive thoughts. It made me wonder, if there something to be said for our thinking and is that
part of our gendered perspectives within a male-dominated field or something else, like our sense
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of accomplishment or belief in ourselves. C and I spent some time reflecting on our lives and all
the challenges and good times; overall we had a pretty good childhood. Neither of us, though,
have had an easy, straight road to get to where we are academically or professionally. We joked
about how our family focused on work ethic and how all of us kids are workaholics, and
continuous learners (a constant need to be better).
Our conversation makes me wonder, is it a cultural component making this happen – as
the women and men I have met in my field and other various fields are good/bad based not on
their outward appearance but on their knowledge? A recent study shows women are more likely
to become discouraged in STEM oriented fields, partly because of their lack of self-confidence –
their lack of belief in themselves, not their ability (Hendee, 2016).
This research into self-efficacy led me to the broader concept of Social Cognitive Career
Theory, which helped to tie in some of the pieces that were loose in my connections and narrow
focus on self-efficacy and computer science. Through this broader framework and use of general
qualitative inquiry using multi case studies and participant journaling, I can explore and look into
the various experience and attitudes that comprise SCCT (individual characteristics, structural
barriers, psychological factors, family influences and perceptions) (Fouad & Santana, 2017).
This supports the academic environment and limited research regarding why students enter
STEM majors (Wang, 2013b) and how to support their persistence within the academic
environment and continuation into the workforce (Lent et al., 2018).
Delimitations
CS students make up a small portion of college and university student population across
the US (~80,000) (NCES, 2019). For the intent of this study, depth in individual experience was
explored, limiting the population to the selected university’s undergraduate students (male and
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female) who meet the following qualifications: 1. Are at least 18 years of age, 2. Have completed
at least 2 undergraduate, or equivalent, CS courses in their end of Junior, beginning of Senior
year, and 3. Have a declared minor or major in CS. I selected students in their junior year or
beginning of their senior year, because I wanted to capture students who have some experience
with computer science and have their academic path in CS fairly set where the opportunity or
thought of transferring programs is less likely to occur. Within this study, 3 participants (2 male,
1 female) took part. While a greater number of participants was hoped for only the three (Grace,
Nikola and James) came forward after 2 semesters of participant seeking. The second semester
of participant seeking came at the same time the start of social distancing and online transition as
a result of COVID impacts across the US South East. The demographics of the participants, save
for participation requirements, were random and a result of participants volunteering not soughtafter characteristics (i.e., ethnicity).
Chapter 2 explores the literature surrounding SCCT, STEM, and CS that are the
foundation for this research. Without it, opportunities for further research to strengthen an
understanding of how and why students select CS for a career path, persist in CS coursework and
ultimately persist in the workforce may be diminished.
Definition of Terms
Analysis of Narrative: Analysis that allows for meaning making through the parts of
narratives, not the retelling of a narrative (Stake, 1978)
Bias: Prejudice or preference towards one thing, person, group, etc. (Easterly & Ricard,
2011)
Classroom Climate: The feel of a classroom, encompasses verbal and nonverbal actions,
displays, conversations, etc. (Fouad & Santana, 2017)
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Computer Science: The study of computer principles and use, to include the software,
hardware, programming and information systems to name a few disciplines (National Center
for O*NET Development, n.d).
Educational Pathway: A person’s academic track and experiences leading to interest and
pursuit of education and career (Wang, 2013a)
Gender Role: A group’s perspective on the traditional role held by males and females
(Easterly & Ricard, 2011)
Gender Role Socialization: The extent to which males/females are ingrained to their
cultural groups male/female gender roles (Fouad & Santana, 2017)
Institute of Electrical and Electronics Engineers (IEEE): A technical professional
organization focused on the advancement of technology for human benefit (IEEE, 2018)
Gender-Role Attitudes: Culturally based attitudes towards gender roles, often with respect
to beliefs, moral principles, or policy (Prasad & Barron, 1996)
Gender-Role Stereotypes: Societal or cultural expectations about how a particular gender
should act, think, behave, dress, career interests, etc. (Tellhed et al, 2017)
General Interview Inquiry: Inquiry utilizing interviews to highlight participant’s
experiences and how each participant makes meaning of those experiences (Valenzuela &
Shrivastava, n.d.)
NWCIT: National Center for Women and Information Technology. Organization that
fosters and supports increasing diversity and inclusion in computing (National Center for
Women & Information Technology, 2018)
Self-Confidence: A person’s feeling, trust or belief in their abilities, qualities or judgment
(Hendee, 2016)
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Self-Efficacy: A person’s belief in their ability to achieve a particular task or goal (Bandura,
1997)
Self-Efficacy Scale: A self-identified assessment of one’s ability (Pajares & Urdan, 2007); in
the case of this study with respect to computer science.
Sense of Belonging: An individual’s sense of connectedness, often through social validation
and shared experiences, to a group, such as family or community (Fouad & Santana, 2017);
within this research within the computer science community
Social Cognitive Career Theory (SCCT): A framework that encompasses five factors that
impact career choice and pursuit – individual (demographic information), educational
structural barriers (climate/feel), psychological (confidence, belief, belonging), family
(support, gender roles), and perceptions (Fouad & Santana, 2017)
STEM: Acronym for Science, Technology, Engineering and Math (United States
Department of Education, 2017)
Unconscious Bias: A bias that a person has, usually for a thing, person, group, etc. that they
are not consciously aware of (Easterly & Ricard, 2011)
Self-Determination Theory: Focuses on 3 needs (competence, connection and autonomy)
which when fulfilled motivate people to grow and change (Cherry, 2019)
Society of Women Engineers (SWE): Organization dedicated to support and empower
women studying and/or with-in the engineering industry (Society of Women Engineers,
2018)
Triadic Reciprocal Causation Model: A central tenant within Social Learning Theory, that
states personal/individual, environment and behavior are three factors that influence a
person’s behavior (Cherry, 2020)

15

Chapter 2: Literature Review and Conceptual Framework
Literature Review
Currently more computer science jobs exist than there are qualified computer science
personnel to fill those jobs, and the numbers continue to grow at a staggering rate. Beyond the
supply-demand gap there also lays the concerns regarding diversity, whereby the CS population
is less diverse than the general population. To address these concerns, this research study’s
purpose is to explore the factors that impact a person’s educational pathway and pursuit of CS,
through the SCCT framework and gender (male, female). This chapter examines the literature
surrounding STEM, CS, and SCCT, which are at the core of the proposed research.
STEM Movement
The Science, Technology, Engineering, and Mathematics (STEM) movement represents a
broad disciplinary focus, and many organizations have varying perspectives on its importance in
the economy and education. The US Department of Education states that STEM skills drive the
ability to change the world through knowledge, problem solving, and analysis in the STEM
disciplines (2017). In turn, the Florida Department of Education reports that the four categories
of STEM are essential and that students should be in learning environments where they can have
exposure to relevant real-world applications or scenarios in a way that they can investigate and
develop solutions in a student centered environment, preferably with connections and
partnerships between stakeholders in the community (Florida Department of Education, 2018).
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To be sure, STEM competencies and skills are fundamental to continued economic
growth and competitiveness in the global economy (Schmidt & Shumow, 2012; Wang, 2013b).
Today, most jobs require basic or higher-level competency, and the shortage of skilled STEM
workers is gaining national attention (Almarode, et al 2014; Spellings, 2006). In that regard,
current reports predict that between 2012 and 2022, there will be more than 9 million STEMrelated jobs (Vilorio, 2014), and a concerning 3.5 million will need to be filled by 2025 (Lazio &
Ford, 2019). The Bureau of Labor and Statistics reports an expected 8% increase, overall, in
STEM jobs between 2018 and 2028 – faster than growth projections for all occupations during
the same time frame (2020). The demand for highly qualified STEM competent employees has
created an environment in which post-college starting salaries reflects the need; with some of the
highest starting salaries reported for STEM fields (Courage, 2016). All of these jobs reflect
median annual wages, in 2019 of $86,980 (higher than the national average); all requiring some
post-secondary education, the majority requiring a bachelor’s degree for entry-level (US Bureau
of Labor Statistics, 2020).
About the STEM education pipeline, across all of the STEM fields there is a great
disparity in enrollment and graduation by discipline. For example, some reports show 29% of
male and 15% of female freshman plan to enroll in STEM fields in college (Hill et al., 2010). In
turn, the National Science Foundation reports that while many enroll, retention and completion
of the program is an area of concern (National Science Foundation, 2018), 22.6% of students
entering college graduate with a STEM degree (Almarode et al., 2014). As such, while female
interest increased in the recent past, females are still a minority in STEM fields. That is, data
shows women tend to participate more heavily in fields like biology than computer science (Hill
et al., 2010; National Science Foundation, 2018). In general, the percentage of women
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completing undergraduate STEM fields is less than their male counterparts. For instance, in
2015, the graduation percentages of women in STEM were 19.1% for physics, 18% for computer
science and 20.1% for engineering (National Science Foundation, 2018).
Computer Science
As part of the STEM movement, over the last 60 years, computer science has expanded
and grown significantly as a discipline. Once focused primarily on machine infrastructure
(hardware and software) it now includes many different fields, including infrastructure, cyber,
networking, cloud computing, application software developer, computer system
engineer/architect, quality assurance engineer & tester, systems software developer, web
developer, web administrator and more (Cortada, 2015; National Center for O*NET
Development, n.d.). The majority of these fields require at least an associate’s or post-secondary
certificate, and many require a bachelor’s degree or higher (National Center for O*NET
Development, n.d.).
Distressingly, the predictions for CS qualified workers and CS jobs shows predicted
shortages of one million by 2024 (Scarpelli et al., 2017). As such, the need for CS workers
represents a large portion of the STEM skills-gap (Brown, 2015; Fayer et al., 2017). It is
becoming increasingly evident that there is a need for computer scientists and that there is a need
to educate, attract and maintain interest in this field (Aderoju, 2016). Frey, a futurist, predicted
the top 55 jobs of the future and over 50% included a component of CS (2014). According to
code.org in 2020 there are 500,000 CS current openings. In 2012 Forbes Magazine listed the top
15 College Majors that are Worth It which contained three CS disciplines – CS (73% projected
growth in pay, projected job growth of 24.6%), software engineering (60% projected growth in
pay, projected job growth of 24.6%) and management information systems (73% projected
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growth in pay, 18.1% projected job growth) (Goudreau, 2012). Again in 2019, Forbes addressed
the increasing need for computing and data with skillsets that are often taught within the CS
disciplines, such as cyber, computing, artificial intelligence, and data analytics (Cobo, 2019).
The US Census 2011 data show that 33.9% of bachelor’s degrees were in computers,
mathematics and statistics (Landivar, 2013). The Computer Research Association highlights and
expands this point by predicting 150,000 computer jobs projected annually between 2012-2022
with only 120,000 – 130,000 degrees earned per year in the CS fields; leaving a dramatic gap in
supply and demand (2015). All of this suggests that CS as a whole has a positive outlook for
need in the future. It is essential that CS skills and competencies be fostered in order to fill the
growing demand. While the time to be a CS major is now, it is evident that the interest and
completion of STEM and CS degrees are not keeping pace with the demand.
Early exposure to STEM is an essential component of increased interest and post-high
school enrollment in STEM programs and coursework (Hill et al., 2010). Exposure and access to
CS in the early years is dramatically different across the country and socio-economicenvironments. Many times, CS preparatory education is limited to computational thinking and
mathematics preparation (Alba, 2016). For some students, their schools offer more than
computational thinking or mathematics courses or after-school programming as preparation for
CS, with access to CS courses such as programming, or development of apps, games or websites
(Gallop & Google, 2016).
There exists a reported disconnect between the parent belief (84%), teachers (71%),
principals (66%), and superintendents (65%) regarding learning CS as an agreeable use of school
resources (Gallop & Google, 2016). Furthermore, only 40% of high school principals in the 2016
report Trends in the State of Computer Science in the U.S. K-12 Schools report having at least 1
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CS class for students to learn programming or coding. One reason for this is the lack of qualified
teachers at the K-12 level for CS (Gallop & Google, 2016). Some states have acknowledged this
need and are working towards making CS curriculum a requirement in school. Maryland, for
example, has chosen to focus on CS education and is working towards certification pathways for
educators, pre-service CS programming for teachers, requires CS in all secondary schools, and
seeing value in CS courses by enabling them to count as part of the core graduation requirements
(code.org, n.d.).
Data from 2016 indicated that only eight percent of students expressed interest in CS
(ACT, 2016), but data from the College Board in 2018, reported a positive trend regarding AP
CS exams, with a 31% increase in students sitting for the test in 2017 (Suppe, 2018).
Enrollments in CS programs increased for the first time in the US in 2009; the 10% increase in
enrollments and new students in programs are steps towards meeting the economic needs for
computer scientists. However, female enrollments and bachelor’s degree completion have not
increased (National Science Foundation, 2018). Women comprise 16% of all undergraduate CS
majors in the US (Staley, 2016). Post-baccalaureate degrees increased 32 % between 2007-08
and 2012-13 (US Department of Education, 2015). Similarly, between 2003-04 and 2013–14,
pursuit and completion of CS doctorate degrees increased 118% (900 to 2,000) (National Center
for Education Statistics, 2016). NCES reported that in the 2012–13 school year 50,961 students
received undergraduate degrees in CS, of those only 9,087 were women (2016). Similarly, 201314 school year data shows increase in total number of degrees awarded – 55,367 (9,974 to
females) (National Center for Education Statistics, 2015).
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Need for Broadening Participation in Computer Science
The gap between supply of qualified CS employees and the economic need for CS
workers is continuing to grow. One solution to this problem is expanding the ‘typical’ CS
student/employee to a more diverse group. Popular culture and researchers alike have begun
addressing the diversity challenges within CS. With ‘everyday reading’ articles and books such
as Emily Chang’s Brotopia (2018a) and “Oh my GOD, this is so F---ed Up”: Inside Silicon
Valley’s Secretive Orgiastic Dark Side (2018b), as well as The Google Diversity Memo (Davis,
2017) and non-inclusive comments by the Nobel laureate Tim Hunt (Ratcliffe, 2015), all
highlighting the gender challenges and sometimes less than welcoming environments faced by
women in STEM and CS.
Given the focus on STEM qualifications, some of the barriers for non-traditional
participants are dissipating. More diverse candidates, such as women and minorities, are entering
STEM fields. Industry is finding that having a diverse workforce allows for greater problem
solving and greater consideration of user/buyer needs through their unique and varied
experiences and perspectives, which in turn helps to increase innovation, creativity and
competitiveness (Schmidt & Shumow, 2012). Women see things and act differently from their
male counterparts, bringing further innovation, creativity and competitiveness to their discipline
and among colleagues. Fast Company reported that by increasing diversity the US could see a
$470 - $570 billion increase in new value within the technology industry, which could in turn
increase the US GDP 1.2% - 1.6% (2016). STEM diversity is changing but it is evident change is
happening slowly. According to the US Census Bureau, in 2012-2016 American Community
Survey (Martinez & Gayfield, 2019) only 25.1% of STEM workers were female, and of all
STEM workers (male and female) 70.6% were white, 16% were Asian, 6.3% were Black or
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African American, and 7% were Hispanic; all of which demonstrates underrepresentation in
STEM for white females, African American males and females, and Hispanic males and females.
Additionally, Census data from 2011 shows that age is fairly distributed between categories 2534, 35-44, 45-54, and 55-64 years (Landivar, 2013). All of this demonstrating that a more diverse
STEM workforce is needed, and in turn a more welcoming in and inclusive entryway for diverse
students, including girls, to come into the STEM fields, especially CS.
On the Academic side, researchers have been looking at factors such as exposure, access,
social pressures, STEM & CS perceptions, classroom environments and barriers, and individual
psychological factors (Alexander et al, 2011; Fouad & Santana, 2017; Hill et al., 2010). Taking
these developments together, the call from stakeholders on all sides is to make CS more inclusive
and increase the opportunity for diversity, including women. Children of color, low-income and
girls are the most common groups that miss opportunities to participate in CS, often due to
limited access in their schools or select groups being encourage more or less towards CS
education (Corbin, 2016).
In this context, although women were some of the first pioneers of computer science,
(Henn, 2014); they represent a lingering minority in the field, making up less than 25% of the
engineering and CS population (Schmidt & Shumow, 2012). For example, women earn 27% of
the bachelor’s degrees in mathematics and CS (Wang & Degol, 2013), and are about 22% of the
population of computer and information science professors (Hill et al., 2010). CS bachelor’s
degrees are awarded to 12% of women and women make up 18% of all CS graduates (a decrease
from 37% in 1984) (Zehner, 2016).
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Participation issues
“Despite having the raw ability to pursue careers in science and engineering, … girls
often shy away from such careers” (Boston & Cimpian, 2018, p. 1). There are various issues
preventing the increased participation of minorities, and women in particular. Sometimes limited
exposure, educational /environmental access, organizational support, or heavily gender or ethnic
biased experiences may discourage students from participation (Frieze & Quesenberry, 2020;
Kayla, 2016). Today, 74% of girls in middle school show an interest in STEM (including CS)
but only 9% of high schools offer courses in advanced placement CS (Aderoju, 2016). Of note,
only 20% of these advanced placement CS students are female (de Rochefort, 2015). Most
worrisomely, when young women select their college major only 0.4% declare CS (Zehner,
2016). Enrollment is as important as engaging students and reducing attrition. Women often have
less exposure to the field and skills needed to prepare for these rigors (Hill et al., 2010). Some
students come into the coursework unprepared for the rigor of CS programs (Ashby & General,
2006). Others share that the extensive early focus on programming was a discouraging factor in
pursuing CS courses (Howles, 2009). All of these factors are creating potential disadvantages for
women entering CS.
Of recent, there has been increased and mainstream focus on gender gaps in STEM
across the pipeline and educational pathway. In the US, the 2018 Building Blocks of STEM Act
provides support for encouraging young girls in CS (Ornes, 2018). Children in the US attend
school, typically from Kindergarten to 12th grade with access and exposure to the disciplines
deemed appropriate by the government (both federal and state). As part of this, students are
exposed to math and science during their regular education. Girls’ academic performance is
equal to or greater than boys’, with girls scoring very well on math tests (Ornes, 2018; Wang &
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Degol, 2013). The experiences gained both in and out of the classroom during the K-12 years
influence a child’s educational pathway and career aspirations, to include those leading to CS
college majors (Wang & Degol, 2013).
Gender stereotyping
As girls and young women navigate their K-12 education, they come into contact with
gender roles and stereotyping in the pipeline. With higher male biases in the field and larger
male populations some fields including CS are showing sloth-like rates of improvement (Yong,
2018). Stereotypes associated with gender and career pursuits are reported to be developed early
in a child’s life, sometimes as early as 5 or 6 years of age, and may be reinforced through
conscious or unconscious bias of their environment – educators, parents, community, etc.
(Boston & Cimpian, 2018). Furthermore, research indicates that children who play almost
exclusively with their own gender become more gender oriented in both the social and academic
environments (Ornes, 2018). Boston and Cimpian (2018) expand on this through their research
showing that elementary school girls have reported association between math and boys and
reading and girls. There is reported child and adult reflections that equate math with brilliance
(Boston & Cimpian, 2018). Worse, there is evidence to suggest that adults, parents and teachers,
sometimes display theses stereotypes and social gender cues to children, further undermining
girls’ sense of belonging and performance in STEM (Boston & Cimpian, 2018; Wang & Degol,
2013).
Female teachers who act as a role model or mentor for their female students have been
shown to positively impact the girls in math and science (Wang & Degol, 2013). In doing so,
these sex-altered teacher expectations may impact a student’s self- expectations and competency
beliefs (Wang & Degol, 2013). Girls have been shown to be more sensitive to and harmed by
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low teacher expectations of their math performance (Wang & Degol, 2013). Furthermore, girls
are shown to be more mastery minded (unlike boys who are shown to be performance related),
which can create a barrier for girls as they transition to high school courses which are more
performance oriented (Wang & Degol, 2013). Taking this then, if children and adults’ associate
brilliance with math and math with boys, there exists an underlying theme that math is not for
girls.
Frieze & Quesenberry write that within gender stereotyping, it has been observed that
women respond in two manners, either “rebel and fight against the odds or conform and in some
cases, leave” (2020, p. 127-8). It has been reported that women/girls may sometimes actively
separate themselves from other females, which in turn can create a lack of support even within
their own gender (Cooper, 2016). Compounding this, Cooper reports that there are two dominant
roles females play in helping/not helping other females, the “Righteous Woman” and the “Queen
Bee” (2016). The “Righteous Woman” believes in and supports her fellow females; while the
“Queen Bee” actively seeks to disassociate themselves from other females (Cooper, 2016). This
behavior towards the “Queen Bee” is thought to have become a coping or survival mechanism to
support a woman in a highly male dominated undervalued female environments; Cooper further
posits that the women who fall into this category often have less gender identification (2016).
Research also suggests that for women who identify with their gender and have more “Righteous
Woman” tendencies, that they in turn help one another and help to reduce gender discrimination,
harassment and better working conditions (Cooper, 2016).
Compounding then, for young girls who enjoy STEM courses in their K-12 environment,
Boston & Cimpian (2018), suggest that these girls may be dealing with an exhausting cycle of
worrying about others perception of them with regard to the stereotypes, wondering how they are
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doing in the task/course, and trying to ignore or suppress these thoughts to focus on their
performance. With math and science as the K-12 precursors for STEM careers, including CS, the
challenge of overcoming the misconception of gender and CS may be a daily challenge for
young girls (Boston & Cimpian, 2018). Sadly, research is also showing that as women rise in
STEM fields the rate of gender-bias and limited representation increases (Yong, 2018).
Interest in computer science
Another issue is the perceived limited female interest in CS. There are numerous
thoughts and ideas regarding this concept. It is suggested that sometimes the plethora of
influences, both internal and external, can impact a person’s beliefs and interest, and thereby
increasing a gender’s predisposition or favoring common gender disciplines (STEM for men and
health/education for women) (Tellhed et al., 2017). The “Individual Differences Theory of
Gender and IT” posits that there are three factors that influence a girl’s interest in Information
Technology – individual identity, individual influences and environmental influences (Frieze &
Quesenberry, 2020). Some lack of interest has been attributed to the economic downturn and the
dot.com bubble, while others associate a lack of interest with the perception of the industry and
who makes ‘good’ computer scientists (Hill et al., 2010); though there seems to be a change in
recent years within the economy with respect to interest and pursuit of computer science fields
(Frieze & Quesenberry, 2020). Females have reported they have more interest in CS when the
topic and classroom décor is less masculine or traditional sci-fi-ish (i.e., Star Wars and computer
parts magazines) (Pollack et al., 2006). Compounding this, being a minority in the field, many
women report challenges in social pressure and ‘fitting in’ (Hill et al., 2010).
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Sociocultural expectations
A complementary issue is related to the portrayal of gender stereotypes in American
culture. That is, the portraits of the ‘typical’ CS person depicted in movies, TV shows, cartoons
and other media are often stereotypes and prejudices rooted in bias (Moule, 2007). Social
pressures, biases and prejudices can negatively impact a female in career choice. Women who
are aware of social biases and prejudices against them in CS may subconsciously believe or
embody them before even starting their education. They may be felt as physical or psychological
barriers and/or challenges; when experienced they may negatively impact one’s desire to be part
of the group, impair performance and/or create an opportunity for avoidance (Hill et al., 2010).
For some women in CS, they deal with all of the social views, their own sexed views and the
‘good old boys club rules that still apply, unspoken, in many environments. This may impact
their ability to acclimate within the environment and for promotion opportunities (Easterly,
2011). Madeline Albright sums up pressures placed on women in male dominated fields “I’ve
said this many times – there’s plenty of room in the world for mediocre men, but there is no
room for mediocre women. You have to work. You have to work exceptionally hard, and you
have to know what you are talking about” (Bridges, 2015, n.p.). Positively, women that feel they
need to learn more before making decisions are impacted less by stereotypes and other negative
factors (Deemer, 2014).
Recent research suggests that gender differences, structural gender inequality and social
role theory all influence beliefs of self-efficacy and competence; resulting in genders often
favoring disciplines more gender common (STEM for men and health/education for women)
(Tellhed et al., 2017). There has been a conscious shift in our society, over the last few decades,
for more open, less gendered perspectives in many fields, including sports, academics and the
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military. Some research is showing that through efforts like this, that the negative impacts of
gender schemas and unconscious biases are starting to decrease (Easterly, 2011).
Academia and industry are focusing efforts for women to succeed in fields like CS.
Mentoring is essential for women in STEM fields because of the support and encouragement it
provides (Hill et al., 2010). Harvey Mudd, a private college in California, is making a positive
movement in this area. They have re-arranged the CS curriculum, making it more team-based,
common language oriented and incorporated professor-focused changes that have increased
female participation in CS; 55% undergraduate female CS majors (49% if joint majors are
considered) (Staley, 2016). Teachers, mentors and others involved in the upbringing of women
(and men) in CS must be aware of the stereotypes, prejudices and biases in order to create
positive, inclusive environments for all interested in the field (Moule, 2007).
Theoretical Framework
Social Cognitive Career Theory (SCCT) is the basis of the theoretical framework for this
study and in the interpretation of the results. The concept of Social Cognitive Career Theory, as
posited by Lent, Brown and Hackett (2000) states that people develop and pursue interests in
activities that they see themselves as successful in, and that have positive future outcomes for
themselves as a result of pursuing the activity. For the purpose of this study, it will be assumed
that students pursuing computer science see themselves as competent in CS and envision a future
career utilizing CS or in a CS field.
Researchers have demonstrated that SCCT can be used to explore students CS choice
behaviors in educational pathways, as well as a lens to explore gender differences (Fouad &
Santana, 2017). While still minimal, much of the previous research has focused its attention on
students in higher education and their career path interests (Wang, 2013a). SCCT takes into
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consideration multiple factors to construct relationships leading to stronger relevant connections
for a student’s educational pathway choice (Wang, 2013a). SCCT’s model is comprised of five
categories: individual characteristics, family influences, structural academic barriers, social
perceptions, and psychological factors. For the purpose of the proposed study, the five categories
were regrouped into three major areas, so that a person’s educational pathways of career interests
and pursuits can be explored and better understood: “[1. personal/home] individual
characteristics… and family influences…, [2. academic and attitude] structural [academic]
barriers in middle and high school… and social perceptions [of STEM careers] …, and [3]
psychological factors” (Fouad & Santana, 2017, p. 26).
I chose to group these five categories into three groups because I felt that there are
overlapping connections as well as a connection with Bandura’s Triadic Reciprocal Causation
Model. This model has three factors: the individual, their environment and their behavioral,
which closely align with the groupings I have selected (Tademy & Clark, 2008). These three
factors often influence one another and in turn influence an individual’s choices (Cherry, 2020).
Family influences, such as family perceptions and expectations are based not only on the
individual characteristics but also family culture and norms. Grouping structural academic
barriers and social perceptions of STEM careers also made sense to me in that exposure to
STEM coursework occurs in school (or lack thereof in the case of barriers) but also that
perception of who belongs and classroom environments impact a student’s perceptions of the
field. Lastly, I left psychological factors on its own, because it is a student’s psychology and how
they perceive themselves.
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Individual characteristics
Individual characteristics, such as a person’s social-economic status (SES) race and other
demographic details may not only impact a person’s perceptions or feel of fit but may also
impact a person’s exposure and visibility into seeing others ‘like them’ in areas of interest
(Fouad & Santana, 2017; Lent et al., 2000). Underrepresented groups, such as minorities and
women, have been reported as having disadvantages (i.e., financial, cultural, gender, lack of
representation), without interventions, to STEM participation as a result of underrepresentation
(Nunez, 2018; Wang, 2013a; Wang, 2013b). However, mentoring and community building have
been shown to provide the support needed to help overcome underrepresentation - “seeing
people like you, who share your experiences, doing the very things you want to do — it is
empowering” (Nunez, 2018). Similarly, students with lower SES are less likely to enter STEM
fields in comparison to their higher SES counterparts (Wang, 2013a). Students with lower SES
are often less likely to be able to afford the costs of a 4-year degree and may also be less
academically ready to take on the demands of STEM majors (Wang, 2013a).
Family Influences
Family influences refer to concepts regarding gender roles, family planning (work-life
balance), self-concept and support from family members while in the crucial formative middle
and high school years all impact and influence a student’s academic pursuits and career path
choices (Fouad & Santana, 2017; Garriott, Hultgren & Frazier, 2017). “Parents influence their
children’s academic motivation, achievement, and educational and career interests through the
home environments they create, the values they endorse, and the experiences they provide”
(Wang & Degol, 2013, p. 315). Parental support, specifically maternal parental support, was
noted as a factor that positively impacted student’s math and science expectations (Fouad &
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Santana, 2017; Wang, 2013a). In addition, parental education and family income can provide
opportunities that in turn provide greater opportunity, access, support for students who come
from more educated and more affluent environments (Wang & Degol, 2013). It has been
suggested that more educated parents in turn may have less conventional gender and career
beliefs and stereotypes, which in turn may provide the support structure for girls to pursue
careers in CS.
Academic Barriers
Similarly, structural academic barriers (and opportunities) in school years are crucial to
career and interest development and include social, academic or financial (Wang, 2013b). The
middle school and high school years are often referred to as influential times in student’s
development of interests and early academic and career path focuses. It is during this time frame,
where students start to explore their interests and take courses that set the foundation for future
educational and career pursuits and feelings in classes (Fouad & Santana, 2017; Wang, 2013b).
During these years, students may be exposed to a variety of careers and socially acceptable
norms/beliefs of persons in those courses and careers (Fouad & Santana, 2017); all of which
impacts college readiness (Wang, 2013a). Fouad & Santana (2017) explored barriers and
supports for middle students from middle school through college in both math and science, they
reported that barriers and supports are perceived similarly by gender; however, females in high
school reported higher test anxiety, and limited support from parents and peers are a barrier.
Research indicates that students adapt the math gender stereotypes more strongly when [an
individual’s] teacher more firmly stereotypes math as a male domain (Wang & Degol, 2013).
Support for students who are struggling needs to be identified and provided early in the academic
path to help keep students motivated and persisting (Tinto, 2017). However, some research
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shows that for girls, the suggestion of additional academic support may be perceived as lack of
competence (Wang & Degol, 2013). Through increased exposure and support in middle and high
school, the potential to avoid remedial coursework for students when entering college may
increase thus avoiding the reported resultant decreased interest, persistence and psychological
factors (Wang, 2013a).
Social perceptions
An individual’s social perceptions of STEM fields can start very early in a child’s life
and can come from parents, teachers, media, role models or peers. Early impact and support are
important, such as in middle school, to help build a strong foundation before potential struggles
occur (Tinto, 2017). Peer influences, particularly for females in the adolescent years, with regard
to math and science have been shown to influence math and science achievement and academic
pathway (Wang & Degol, 2013). “If more girls are successful in STEM fields, then the next
generation will be able to envision themselves as scientists or engineers, and more and more girls
will be willing to go into male-dominated fields… [-] Emily Tomashek” (Ornes, 2018, p. 5).
Gender stereotypes have been shown to impact the desire, pursuit and self-efficacy, particularly
in females (Hill et al., 2010). Research suggests that gender differences, structural gender
inequality and social role theory all influence beliefs of self-efficacy and competence; resulting
in genders often favoring disciplines more gender common (STEM for men and health/education
for women) (Tellhed et al., 2017). The impact of societies perceptions, biases and perceptions are
seen in a variety of mediums, from television, to advertising, to conversations and so much more.
These societal influences may greatly impact the self-efficacy or desire to pursue a specific field,
such as STEM (mathematics/CS) for females. Many times, women in STEM educational
pathways struggle to find representation of themselves in the societal representation of STEM
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professionals, including CS, as well as for saturated female representation in their CS
coursework. This perception of not being the right “fit” for the field may then be compounded by
social prejudices or unconscious biases. Role models and mentorship for women are shown to
positively impact a female’s interest and pursuit of math-based fields (Fouad & Santana, 2017).
This creates a paradox between what a student may believe she is and what is the ‘common
belief of what a computer scientist looks like’ (Alexander et al., 2011; Deemer et al, 2014; Hill et
al., 2010).
Psychological Factors
Finally, psychological factors such as attitude, motivation, self-efficacy, stereotype threat,
outcome expectancy, and sense of belonging, are impactful in a person’s pursuit of academics
and career choice (Fouad & Santana, 2017; Tinto, 2017). “Stereotype threat influences
individuals through physiological arousal, working memory depletion, off-task rumination, selfhandicapping, and stereotype priming effects, which results in decreased performance” (Cadaret
et al., 2017). From an expectancy theory perspective, Wang and Degol (2013) suggest that as
boys and girls look towards their future, they take stock in their strengths, abilities and interests
to choose a pathway that they believe best maximizes their utility value. Bandura suggested that
a person’s coping efficacy, their ability to deal with situations and use their confidence to
manage situations, greatly impacted a person’s outcome expectation, choices and perceived
barriers (Cadaret et al., 2017).
Females match male interest in CS in middle grades, but not in high school or college.
This limited interest and disproportionate exposure can negatively impact self-efficacy and
pursuit of CS (Hill et al., 2010). When asked to rate their feelings of preparedness for academic
achievement with respect to analyzing math/quantitative problems and using
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computing/information technology male students self-reported higher preparedness beliefs
(Johnson & Muse, 2017). Compounding this, women have greater perceptions of barriers in
career fields than their male counterparts (Gnilka & Novakovic, 2017).
Self-efficacy is rooted in Albert Bandura’s Social Cognitive Theory and is about a
person’s confidence and belief in their ability to accomplish a task or behavior (Bandura, 1997).
Self-efficacy plays a large role in student’s selecting their paths for a career or coursework, and
in the student’s ability and desire to complete their coursework, and has been posited to be an
influential factor, along with outcome expectancy, in determining a person’s interest in an
activity (Fouad & Santana, 2017). Interest in CS may be impacted by self-efficacy challenges,
particularly with math skills, experiences, and social environmental concerns (Fouad & Santana,
2017; Tinto, 2017; Wang, 2013a). Some studies have shown a gender differential in self-efficacy
(Goh et al., 2007; Kaur & Singh, 2017). Males have been reported to have higher self-efficacy
with respect to STEM fields such as math and CS (Kaur & Singh, 2017). For college students,
self-efficacy has been reported as the strongest direct predictor of academic success and
persistence regardless of gender or race/ethnicity (Fouad & Santana, 2017).
Self-Determination Theory. Within the psychological category, a sub-framework
aligned to Self-Determination Theory (SDT) was also utilized to address participants desire to
grow and find fulfillment. According to the theory, a person is more likely to have the curiosity
and motivation to achieve based on their sense of competency, autonomy and
connection/relatedness (Cherry, 2019; Niemiec & Ryan, 2009; Schulte, 2020). Within this
theory, the three factors can be described as: (1) autonomy is where a person willingly focuses
on a topic, such as students to their classes, (2) competency is where a person feels they are able
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to successfully meet the expectations of their work, and (3) connection/relatedness is the need to
be connected and care for others or a sense of belonging (Ryan & Deci, 2002).
Summary
This literature review focuses on STEM, particularly CS, with a honed scope towards
SCCT and gender. With projected technology increases and demand, we need more of everyone,
including women, to pursue CS fields. It is incumbent upon educators, employers, entertainment,
society – all of us – to create environments and foster positive CS self-efficacy that encourages
more women to join the fields of STEM and CS. Helping to meet the demands of our country
and global economic environment for STEM and CS literate citizens.
There has been a great deal of study on various components of Social Cognitive Career
Theory (SCCT) (i.e., self-efficacy, gender differentials, outcome expectations, and motivation)
but not much in terms of the factors leading up to STEM careers such as CS (Fouad & Santana,
2017; Tinto, 2017; Wang, 2013b). SCCT’s framework has demonstrated its robustness in
predicting math and science choice, which ties closely to CS, in a wide range of study
populations, including minorities and women (Fouad & Santana, 2017). The demand for STEM
qualified (or competent) employees, also comes with a desire for increased diversity, such as
gender, race/ethnicity, and diversity of thoughts; currently the STEM field is less diverse than the
general population, particularly when it comes to engineering and CS (National Science
Foundation, 2017). Low enrollments in CS are due to many factors including the SCCT five
focus categories (individual characteristics, middle and high school structural barriers,
psychological factors, family influences and STEM career perceptions), with models showing a
strong focus on an individual’s self-efficacy (Fouad & Santana, 2017).
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The purpose of the study was to explore the nature (experiences and perceptions) of the
educational pathways, critical factors, and commonalities/differences leading to undergraduate
enrollment in computer science. With the emphasis of the research centering on the three focus
areas personal/home (individual characteristics, family influences), academic/attitude (structural
barriers in middle and high school, perceptions of STEM careers) and psychological
(psychological factors) which encompass the five SCCT factors through lens of gender (male,
female), I sought to characterize the educational pathways and explore gender differences in
terms of experiences, barriers, and supports leading to enrollment in an undergraduate CS
program. Through this research, I hope to help enable educators, coaches, and mentors better
engage, encourage, support, and inspire the future generations of computer scientists, perhaps
with various methods for different genders or with components that may impact both factions
equally.
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Chapter 3: Methods
In this multi-case study, I sought to characterize the educational pathways and explore
gender differences in terms of experiences, barriers, and supports leading to enrollment in an
undergraduate CS program. Specifically, I proposed to explore the nature of the educational
pathways leading to undergraduate enrollment in computer science through the lens of gender
(male, female) and using Social Cognitive Career Theory (SCCT) as the frame of reference for
the inquiry. In this chapter, I will address the methods selected for this study, data collection and
analysis, as well as discussion regarding attention to trustworthiness and ethical considerations.
To address the purpose the study, the following questions were used to guide the inquiry:
1. How do women and men enrolled in a CS program describe their educational path and
desire to pursue CS in undergraduate studies?
2. What and how have SCCT critical factors (individual characteristics, family influences,
structural academic barriers, social perceptions, and psychological) impacted women and
men’s interest and pursuit of education in CS undergraduate studies?
3. What are the commonalities and differences in educational pathways and/or factors of
women and men enrolled in CS undergraduate studies?
Design
A multi-case study approach was used to conduct the research. Case studies represent an
appropriate method for documenting and understanding phenomena of interest associated with
particular settings and individuals (Elman et al, 2016; Gustafsson, 2017; Stake, 1978). Case
studies are often used in research to help bring the ‘humanness’ and existing experiences
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together for the reader in a holistic and generalizable manner and the approach is suited to the
study of educational pathways as experienced by men and women (Stake, 1978).
A multi-case study is a case study that includes more than one case, and the researcher
can seek understanding within each case and across the cases for a wider exploration of the
research questions (Gustafsson, 2017). As such, case studies are often presented in a way that
helps the reader understand the individuals and the connections for generalization across the
cases in a narrative-like manner. However, Gustafsson (2017), cautioned that the more cases
included in a multi-case study the less depth a researcher can gain through an individual
participant. Therefore, there has to be a careful balance to maximize representativeness without
negatively impacting depth, understanding, time or cost (Gustafsson, 2017). Additionally, case
studies can be criticized for not being ‘scientific’ enough for generalizations, thus requiring that
the researcher ensure that the study contains “rich presentation of evidence” (Gustafsson, 2017,
p. 5), as well as a strong focus on internal validity in order to support the resulting illustrative or
confirmable conclusions (Elman et al, 2016). Albeit these caveats, multi-case studies represent a
suitable method for the exploration of similarities and differences between cases using
underlying theoretical lenses and gain insight on a phenomenon of interest (Gustafsson, 2017). In
this regard, the case study design is complemented with the use an additional lens for the
interpretation of resulting data rooted in interpretivism.
Interpretivism
Interpretivism allows for the exploration of individuals perspectives, interpretations, and
sense making with respect to their experiences, environment, and culture (Grbich, 2013). In
using this method, interpretivism helped enable me to hear the voices and stories of my
participants (Denzin & Lincoln, 2013). A key component of interpretivist research is the
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participant-researcher connection, as well as the appreciation of differences in experience
between individuals in the development of ‘meaning making’ (Dudovskiy, 2018). Given the
focus of this study, in understanding if gender differences exist, the interpretivist approach
helped support the inquiry through the philosophy’s ability to enable the research to understand
crosscutting perspectives from various groups (Dudovskiy, 2018).
In summary, the case study approach, with influence from an interpretivist lens, supports
the research questions and intent of exploring the nature of the educational pathways, critical
factors and commonalities/differences leading to enrollment in undergraduate CS.
Participants
Institutional Context
The target population for this study is Computer Science undergraduate students within a
major university in the Southern region of the United States that has recently been recognized for
a focus on research and entrepreneurship. The university serves more than 50,000 students total
and almost 40,000 undergraduates (43% male, 57% female). With programs from the certificate
to undergraduate through doctoral level, students have the opportunity to pursue nearly 250
unduplicated academic programs. The university boasts a diverse student population in gender,
ethnicity and represented countries. Within the university, the targeted population of students
was located within the college of engineering and the computer science or computer science and
engineering programs; both programs are accredited by ABET under the organizations
Computing Accreditation Commission and the Engineering Accreditation commission
respectively. Data for the 2019-2020 school year shows that the College of Engineering, within
the university, had an active enrollment of 6,871 students. The diversity make-up of these
students across undergraduate and graduate include approximately 79% male and 21% female of
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which 8.05% report as Asian, 5.46% Black or African American, 16.8% Hispanic or Latino,
0.06% American Indian, 0.13% Native Hawaiian or other Pacific Islander, 37.35% White,
26.16% Non-Resident Alien, 2.9% two or more race, and 3.09% Unknown/Not Reported. Of the
college’s population, 81% of the students are undergraduate students.
Participants
An equal number of 2 male and 2 female students were sought as participants in the study
from across the junior and senior classes. Students were recruited using purposive sampling and
a modified snowball technique (Kara, 2017). Purposive sampling enables the researcher to
selectively pick the sample based on the participant’s likelihood of contribution to the research
(Kara, 2017). It is often used in qualitative research because of its ability to select informationrich, pertinent participants when random selection is not possible (Statistics Solutions, 2019).
Using purposive sampling, participants will be identified through self-nomination in response to
a call for participation. A modified snowball technique was implemented to try to recruit
additional participants. The structure of the snowball technique is that it uses current
participant’s networks to find other potential participants (Kara, 2017). The concept being that
like people know each other and the research seeks to find synergy within the qualified
participant’s network. Regrettably after two semesters of recruitment and COVID-19, only 3
participants completed the study – 2 males, 1 female.
The criteria for selection on the study was undergraduate enrollment status and gender.
Ideally the participants would be ethnically diverse, however given the often less-than-diverse
nature of CS and the demographics of the programs at the university, I recognize that not all
participants may meet all of the study qualifications and have ethnic diversity equal to the
diversity ratio of the university population or US population. Participant diversity was as
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follows: 66% male (2), 33% female (1); 66% Caucasian (2); 33% Asian (1). Enrollment status
was defined as students who have completed at least 2 undergraduate, or equivalent, CS courses
in their end of junior, beginning of senior year, and have a declared minor or major in CS. 1
student was a junior, the other 2 participants were seniors.
With a sample of three undergraduate CS participants, I sought to understand what, if
any, gender differences within their educational pathways for CS. By keeping the sample size of
participants relatively small, I believe I was able to gather rich data from each participant to go
deep into their pathways and experiences, as well as stitch together any commonalities between
them (Baker & Edwards, 2012). Within qualitative research, there is not a defined set sample
size requirement, but instead a guidance of garnering the best information to support the inquiry
(Baker & Edwards, 2012). Smaller sample sizes in qualitative research help to enable the
researcher to obtain a deeper perspective of the participants and their individual histories
(Ashford, 2016; Baker & Edwards, 2012). Because this research focuses on both male and
female perspectives in the CS educational pathway in the undergraduate level through a multidata-gathering approach throughout one semester, the selection of male and female participants
enabled sharing of stories and perspectives in an insightful and rich manner (Baker & Edwards,
2012). Further justification for the smaller sample size, is garnered from the university’s
undergraduate CS population, which in 2018-19 school year awarded 2339 bachelor’s degrees,
of which 16% (55) were female. The participants in turn make up approximately less 0.88% of
the 2018-2019 graduating class; and for the female participant 1.82% of the female population.
Data Collection Procedures
This study was submitted and received Institutional Review Board (IRB) approval,
ensuring that standards for the inclusion of human subjects in the research study are met. To
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reach participants, I (1) reached out to the student CS student body through communications
within the Engineering College and Computer Science majors, (2) posted flyers within the
College of Engineering in the department office as well as shared spaces such as lobbies,
study/break areas and announcement boards, and (3) engaged students via their advisor/faculty
within the department. I used an ad (Appendix F) posted around CS college building/classrooms,
as well as, connect with the CS department, and perhaps reach out to CS student chapter
organizations such as the Institute of Electrical and Electronics Engineers (IEEE), National
Center for Women and Information Technology (NCWIT) and/or Society of Women Engineers
(SWE). Because a desired number of participants were unable to be captured through this
method, I also utilize a modified snowball sampling option by providing participants with the ad
to share with others they thought would be interested and meet the study participant criteria
(Kara, 2017).
Once selected, each participant was interviewed with respect to their educational pathway
to CS using the SCCT framework during this research; each was interviewed at the beginning of
the semester in the timeline interview. Interview protocol adhered to the following process: (1)
introduction of interviewer and interviewee, (2) introduction to the research project, (3) rapport
build, (4) conduct a timeline interview in which participants will be able to graphically and
through interview conversation focus on “critical events” in elementary, middle and high school
leading to their decision and pursuit of CS, and ending with (5) thank you and wrap-up (INSITU,
n.d.). During opportunities for discussion, I used the guidance from INSITU (n.d.) to engage and
express interest in the participant’s responses, with behaviors such as restating, incorporating,
encouraging elaboration, and mini-tour questions.
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Participants were asked to maintain a journal to reflect on their educational pathways in
their CS courses at least three times during the semester, in intervals. SCCT factor areas
(personal/home, academic/attitude, psychological) were discussed with the participants at the
beginning of the interview and each journal prompt, to ensure a common understanding of the
terms and concept. In addition, a mid and final interviews were conducted to confirm and
validate findings for each participant on previously data points. Figure 2, represents the timeline,
focus and participants for the semester-long planned research. Overall, participants took part in 1
timeline interview, 3 journal reflections throughout the semester, a mid-interview, and a final
interview, while the researcher conducted all interviews as well as maintained a researcher
journal.

Figure 2. Data Collection Procedures and Timeline
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Qualitative Data and Instrumentation
The goal of the proposed study was to document the educational pathways and explore
gender differences based on the participants’ perspectives. Thus, the data of interest is related to
each participant’s story about their educational journey along with barriers and supports leading
to enrollment in a computer science program. To gather the data of interest, the instrumentation
for data collection included a demographic questionnaire, timeline interview, journal writing,
mid-point interview and final interview strategies.
Demographic Questionnaire
A demographic questionnaire was developed to capture student information such as age,
race/ethnicity, gender, year in school, discipline within CS, and pre-college CS experience and
self-efficacy. The questions on the self-efficacy are based on Tsai et al.’s research on the
computer programming self-efficacy scale for computer literacy (2019). Data from the
demographic questionnaire was used to frame the initial understanding of the participants’
background to set the context for interviews. A copy of the demographic questionnaire is
reported as Appendix A.
Interviews
Three interviews were conducted during the course of this study, a timeline interview at
the beginning of the semester, a mid-interview, and a final interview at the end of the semester
for all three participants.
The timeline interview was designed to be semi-structured and following a timeline
approach. Through the timeline approach, the participant tells their story through interwoven
conversation and often with the use of a timeline which is developed through conversation
during the interview (Adriansen, 2012).
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This interview sought to understand each person’s reflection of their educational
pathway, how they came to be a CS student at the university pursuing a degree in CS and how
the SCCT focus areas have impacted their journey so far. Questions for the timeline interviews
were rooted in the focus areas of SCCT – individual characteristics, family influences, structural
academic barriers, social perceptions and psychological factors. Through this, I was able to
explore the critical events in the school year-chunks of elementary, middle and high school that
lead to each participant’s desire to enroll and pursue CS in university. To help support any lulls
in the timeline interview, I created a list of guiding questions for the interview, based on the
SCCT factors, while still providing opportunity to explore a participant’s story or emotion
expressed during the conversation. Guiding questions for the timeline interview can be found in
Appendix C
After conducting a preliminary analysis of individual timeline interviews and guided
journal submissions (each focused on piece of SCCT), the mid- and final interview were
conducted. This analysis was used to formulate the interview topics/questions, which guided the
conversation and sought to address clarifying comments, confirm/validate understandings, as
well as commonalities and differences noted in the research documents to date. In addition, the
final interview allowed for participant and researcher triangulation of the data per participant
(White & Marsh, 2006). Protocol for the mid and final interviews can be found in Appendix E.
All interviews for each participant were conducted in person, at a location of their
choosing on campus (or due to COVID-19 online via ZOOM), that enabled quiet, uninterrupted
conversation for duration of no more than two hours each (Kara, 2017). This format helped
enable each participant to explore their own path through their own words and experiences
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(Kara, 2017). It also offered flexibility in the conversation and openness to explore
conversational pathways arising through the participants’ reflection (Galletta, 2013).
Journals
Throughout the semester, each participant was requested to complete three journals
electronically. Each journal entry focused on participant’s reflection of their SCCT focus area
and their educational pathway. These journals were spaced evenly between the initial interview
and before the final interview. For each journal entry, participants were asked to reflect on a
particular focus area of SCCT (i.e. personal/home, academic/attitude, psychological) per journal
entry, both with respect to their personal history, as well as to any current impacts or
experiences. Participants were asked to reflect on how the topic focus area impacts their learning,
interest, and academic pathway within CS during the semester. At the completion of each
journal, participants were asked to email their completed journals back to the researcher. Stories
and data points from the participants’ journals were used to build the mid and final interview
questions, as well as develop a stronger understanding of each participants perspective with
respect to their educational pathway and focus areas within SCCT. This helped enable the crossfunctional approach of delving into each participant’s experiences and perspectives as well as
determining connections between participants and their experiences and perspectives. Journal
entry instructions and protocol can be viewed in Appendix D.
In addition to the participant journals, I maintained a researcher journal. Through
journaling, I allowed myself the opportunity for both conscious and unconscious reflection of the
process and participants data (Janesick, 2016b). Journaling has been described as an opportunity
for examination, observation, exploration, investigation and reflection and can take place in
many forms such as unsent letters, dialogues, imagery, lists, and altered points of view (Janesick,
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2016b). My intent through this process was to use both written and artistic forms of reflection in
my journals. The first, a written form addressing my thoughts, experience, engagement and
involvement with the participants and process throughout the research process (including data
collection and data analysis). This free-form process of writing my thoughts, feelings, questions
and experiences helped to provide another data point, as well as my involvement as the
researcher. The second part of the journaling is sketching and served as a prelude to the
researchers drawing in the data analysis phase. Sometimes, things come to me in a more graphic
form that verbal or written. The journal was my place to sketch thoughts, ideas, and connections
throughout the process. I have found that sometimes, the unexpected connections come from
allowing my brain to disengage and not think about the how/what but to be free. I tried to journal
at least once a week, and/or within 48 hours of an interaction with a participant either face-toface, if interviewing, or with their journal submissions.
Pilot Study
To refine interview protocols, I conducted a pilot study of the questions for the interviews
and reflective journaling prompts with 2 participants, 1 male and 1 female. Through the guidance
of my committee, I was able to refine these trial runs before and after, resulting in greater
accuracy and quality of data during the actual data collection phase.
Ethical Considerations
Due to the nature of this study, I have taken into account several ethical considerations to
help minimize negative effects for the participants. This study sought to understand if gender
differences exist with respect to educational pathways in CS. Ethical areas of concern with
respect to this binary interpretation are participants who do not classify themselves as either
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gender, are multi-gendered or identify as a different gender, and ensuring that the stories of each
participant are accurately reflected (Leavy & Harris, 2019).
Incentive for Participants
Participants received a total value of $50 Starbucks gift cards as a thank you for
participation at the completion of each stage of data collection during the study.
Potential Risks to Participants
Ethical issues for this research were minimal. All subjects were of adult age (18+) and
signed consent forms prior to participation (Appendix B). I made sure that all participants
understood the research, the processes and procedures, participation compensation, and their
ability to withdraw without consequence before beginning any part of the research process
(Janesick, 2016b). The conversation during the interviews and journaling had the potential to
create personal or emotional discomfort for the participants. All participants were informed at the
start of the process, at the timeline interview, for each journal topic, at the mid-interview, and at
the final interview that they could decide to stop at any point in the process. All participants
choose to continue the research process throughout its entirety. In addition, to minimize the
burden on participants, each participant was able to select the meeting location (if in person) and
time that best suits them for all interviews. Pseudonyms were selected by the participants to be
used when reporting data to protect the identity of each participant (Kara, 2017). The $50
Starbucks gift cards incentive was small in value and should not impact or be a factor in ethical
concerns for this study.
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Data Storage
All participant data has been stored securely. Electronic data is stored on a passwordprotected computer. Any hard-copy data collection items (SD card, audio files, journals) not
stored directly on the computer are stored in a locked cabinet at the researcher’s house. For
journal entries, participants received guidance for e-mail submittal. Signed consent forms are
stored at USF in the major Professor’s office.
Translation
There was not a need for translation during the study, as all participants were selected
from a university where CS coursework is taught in English. Diversity of participants was
limited during this study as a result of the small sample.
Data Generation
The knowledge gained through this research will be shared in publication, as part of the
requirements to fulfill my graduation requirements. As such, publication of the material carries
its own ethical considerations. Addressed previously, all participants’ identities will be protected
via pseudonym (Kara, 2017). Additionally, researcher intent and interpretation of readers may
occasionally have unintended experiences - “we do not know how others will respond to and/or
interpret our work… we can never definitively know who we harm or help with our
communicative practices [Tony Adams, 2018]” (Leavy & Harris, 2019, p. 111).
Analysis
This research is a multi-case qualitative analysis of narrative inquiry drawing on the work
of Stake. The unit of analysis for this research was each participant as an individual. Through
this focus, I used each participant’s narrative (interviews, journals, and demographic data) to
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deeply understand each individual’s educational pathway and impacting SCCT factors; as well as
understand commonalities and differences, if any, between the broader group of participants
(Janesick, 2016b; Kara, 2017, Stake, 1995). Throughout this process of data analysis, I strove to
be respectful, mindful, and honor the participants and their shared stories (Janesick, 2016a). I
used a thematic analysis of narrative for the data (Stake, 1995). Through a thematic analysis of
the narrative, I was able to bridge beyond the categorizing component to build deeper into the
conversation of the data through the participants (Kara, 2017; Stake, 1995). In these
conversations, it is important to not only listen to what is said but also what is not said. Through
the three interviews and journals each person is telling their story about their history,
experiences, beliefs and much more. As the researcher I focused to listen to what is shared, what
is omitted and the logic of the narrative (Leavy & Harris, 2019). Through these personal histories
and narratives, a personal and collective opportunity for both subjective and reflective analysis
and insight (Grbich, 2013) into the 3 participants and 2 gender experiences emerged.
Timeline Interview Analysis
Transcription of the interview is the first step in the interview analysis process (Kara,
2017). As part of the timeline interview process, participants created their CS educational
pathway timeline. This was used in addition to the interview transcriptions in the analysis.
Interviews were transcribed no more than 1 week after each interview. Through transcription and
reference to the created timeline, initial themes began to emerge. During this transcription time, I
wrote down words, phrases, and quotes that spoke to me (Janesick, 2016b). After transcribing
and making notes regarding potential themes, I reread the transcription and reviewed the
timeline. From there, any changes in note structure or rephrasing, if needed, occurred. These
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notes became a running list of codes. This process was repeated for each interview with the list
of notes and potential codes constantly being revised and updated.
No more than one week after each interview transcription; I emailed a copy of both the
timeline and transcription to the recipient for their review and to have the opportunity to correct
any misunderstandings. Following the transcription, I let the timeline, transcript and data rest for
several days. This rest period enabled the participant to respond with any edits, as well as give
my brain a chance to have some distance from the interview before beginning the analysis. I
utilized thematic analysis to start to identify themes within the data (Kara, 2017) without forcing
categorization (Grbich, 2013). Several days after the interview, I revisited the printed
transcription and highlight the various themes through their emerging common categories in
different colors. These themes were placed on coded electronic “cards” for each major theme and
assigned a bucket. Upon completion of each transcription analysis, I returned to each theme
category and review the “cards” within each bucket (individual and whole). The intent of the
categorization and bucketing was to allow for themes and common groupings to emerge, and to
allow for flexibility in narrowing through the analysis into common codes, themes and
categorization (Kara, 2017). At the completion of the timeline interviews and interview analysis
for all participants, I determine the next best steps for data gathering – journaling and final
interview.
Journal Analysis
At the end of each journal entry, each participant submitted their reflection journal. Each
entry was analyzed on its own, as well as against other entries in the participant’s journal, and
against other participants’ entries by entry week and by entirety. I used the same coding process
as was used for the interviews. At the completion of each coding session (or day), I updated my
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memos to notate what I did, my thoughts and feelings. I used the journals to inform the mid and
final interview questions. This allowed me to delve deeper into a conversation with a participant
regarding a particular experience or factor within SCCT.
Mid and Final Interview Analysis
The mid and final interview analysis was largely the same as the timeline interview
analysis and mid-interview and was based on preliminary data analysis from the previous
interviews and/or the journal submissions. Within one week of transcribing each interview
conversation, I emailed a copy of the transcript from the interview to the participants to review
and correct any misunderstandings. This rest period allowed the participants to respond with any
edits and provided a mental break between transcription and analysis. Like the interview
analysis, I used thematic analysis to identify themes within the mid and final interview data
(Kara, 2017). Using the same method for analysis, I believe helped me in maintaining analytical
consistency across the individuals and groups. Themes that emerged from the analysis were
coded and assigned a bucket. After all mid and/or final interviews were analyzed, I returned, for
both individual and group, to each theme and category to review the cards within the bucket.
This categorization and bucketing process assisted with seeing the themes and commonalities
(Kara, 2017).
Researcher Drawing
Sketching is a method that enables me to collect my thoughts and combine the ‘data’ into
a mental synopsis. Through qualitative data analysis, many researchers have made suggestions to
using creative and reflective methods, such as drawing, as a way for the researcher to synthesize
data through visual analysis (Grbich, 2013; Janesick, 2016a; Janesick, 2016b; Kara, 2017;
Lapum et al., 2015). In reading the transcripts from the interviews, as well as the journals, and
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my notes/researcher journal I was able to write down words and phrases that jumped out at me.
From there, allowing my mind to use these pieces of information to form an image for me to
sketch. Lapum et al. (2015), discussed in their article how collage making helps to “enhance
researchers’ understanding and representation of participants stores as well as facilitate analytic
processes” (p. 3) as well as an opportunity to gain clarity and depth through metaphors which
can in turn through the images highlight the “richness and complexity of human experience” (p.
3). I feel that their words describe my experience with the method and how it helped me to focus
and see beyond the words and conversation. As with the interviews, once the drawing was
complete, I shared with each participant through email to see if they felt I captured our
conversations, journals, etc. accurately.
Cumulative Data Analysis
The culminating analysis took into account the timeline interview, the three journal
entries per participant, the mid- and final interviews, as well as the researcher drawings and
journal. Using the same method as was used in the individual timeline interviews, journals, and
final interview I utilized the lens of interpretivism to cull the commonalities and themes between
the various pieces of data together into their own buckets, themes and codes to best understand
the individual and shared perspectives (Kara, 2017). This enabled me to cross-analyze and
synthesize (Janesick, 2016b) the data between and within the individuals to pick out common
threads and differences, as well as to ensure that I was true to the voices of the participants,
critically reflective, and reflected both the shared realities and differences of the three
participants.
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Figure 3. Graphical representation of cumulative thematic analysis
Trustworthiness
Interpretivism utilizes the participants and researcher’s existing experiences, biases to
build meaning (Grbich, 2013). As such, a weakness of this philosophical approach is that these
biases may impact reliability; representativeness and data cannot be generalized (Dudovskiy,
2018). As a female in a male dominated field with a self-identified self-efficacy challenge, I
needed to address my history and biases as part of this research. I strove to understand my biases
and how those impacted my analysis. In addition, I worked to ensure that the data from this
research has trustworthiness through a series of checks and balances focused to provide data
triangulation, credibility, and authenticity (Billups, n.d.; Janesick, 2016a). Case studies, due to
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their nature require triangulation (Janesick, 2016b). To address these issues, I used multiple data
collection methods including journal, interviews, thematic analysis of narrative, researcher
drawing and researcher journaling, as well as member-checking with participants (Janesick,
2016a; Janesick, 2016b; Kara, 2017). Triangulation works to help strengthen the research
credibility (White & Marsh, 2006). Constant review and engagement with the data during the
data collection period and continuing through the analysis phase helped enable me to see the data
holistically and to become embedded within the data to provide the analysis phase the
appropriate time for understanding and interpretation of the participants stories and potential
connections (Janesick, 2016a). This in turn, helped strengthen the study’s credibility through the
write-up of the findings that address the guiding research questions and how they are reflected in
the data analysis and findings (White & Marsh, 2006). In addition, I have provided appendices
containing the coding’s, justification for coding, etc. (White & Marsh, 2006). Lastly, the
authenticity of the study, throughout the process from design to analysis, as well as the voices of
all the participants is supported through clear and open conversation with the reader regarding
the research steps, histories of the researcher and participants, and analysis process (Billups,
n.d.).
My Role as the Researcher
With my experience in the STEM education and Aerospace & Defense, realm for nearly
20 years and educational exposure to engineering, math and business, my educational and career
pathways have provided me similar pathways to college, as those students pursuing CS. As such,
I believe I have the ability to understand and empathize with the experiences and environment of
a technical focused undergraduate program. My intent throughout the research process was to
keep the guiding research questions in mind, while reflecting on the shared experiences of
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participants and my own. These guiding research questions are grounded in the literature and
theoretical framework. This ‘shared’ like-experience, I believe, helped enable me to hear the
participant’s voices and bring forward their stories through an interpretivist lens (Denzin &
Lincoln, 2013).
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Chapter 4: Discoveries
The purpose of this qualitative study was to explore the nature of experiences and
perceptions of the educational pathways, critical factors, and commonalities/differences leading
to undergraduate enrollment in Computer Science. Through a multi-case study, interwoven with
interpretivism, the participants' educational pathways were holistically explored (Elman et al,
2016; Gustafsson, 2017; Stake, 1978), enabling sense making with respect to their individual and
combined experiences, environment, and culture (Grbich, 2013). In this chapter I summarize the
discoveries resulting from the study of three participants guided by the following research
questions:
1. How do women and men enrolled in a CS program describe their educational path and
desire to pursue CS in undergraduate studies?
2. What and how have SCCT critical factors (individual characteristics, family influences,
structural academic barriers, social perceptions, and psychological) impacted women and
men’s interest and pursuit of education in CS undergraduate studies?
3. What are the commonalities and differences in educational pathways and/or factors of
women and men enrolled in CS undergraduate studies?
For context, I first introduce the participants to provide family background information,
general upbringing, and current education/work pursuits. A graphic of the educational pathway
for each participant is reported for further reference regarding key milestones in their individual
timelines.
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Participants
Grace (20-22 yrs. old, Caucasian, Female).
Grace is the youngest of three children in a military family, and aunt to five nieces and
nephews. She moved around during her early childhood and was raised with the family’s motto
‘service before self,’ taken from her father’s military background. After the early military moves
in her life, Grace’s family settled into the town where I met her, so that she was able to attend
middle school, high school and now university in the same city. Grace shared that her family is
very close knit and supportive. Even today as she and her siblings have grown up, they continue
to stay close to the family (both in location and in emotional support). She reports that she is
close with her family – she has a strong emotional and technical connection with her brother,
father and grandfather, she also has a strong emotional bond with her grandmother, mother and
sister.
Her upbringing is what she considers ‘small town’ with a grandfather who was a minister
and has influenced the family’s strong Christian beliefs and a father whose activity duty service
continues to strengthen and formed the family’s service before self-perspective, and internal
support system. Grace often talked about how her mom was the driving factor in the house,
especially because her father was working or traveling. Her mom, through conversations, seems
to be the glue for the family – helping to form, shape, support and discipline the children and
maintain the household. She also encouraged and supported the family in civic engagement.
Grace was a Girl Scout and completed her Gold Award, her first project choice was
supporting seniors in nursing homes with computers. When relaying this story, Grace also
mentioned that her mom was heavily involved in Girl Scouts. Grace and I started our
conversations at the beginning of the COVID pandemic, and she shared that her mom, sister and
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she were all sewing masks to support local medical needs. Grace when asked to describe herself
said “I am a southern, Caucasian, Christian, computer nerd who wants to make a difference.”
Reflecting on her time in the CS classroom, Grace shared that she was often one of the
few females in her classrooms, which was OK for her as a self-proclaimed ‘tomboy.’ In middle
school and high school, she took many CS/tech courses, even earning her Photoshop
certification. Grace has been able to during her time in college intern with a small cyber firm
engaging in cyber security and social engineering work. This enables her to continue to explore
CS/Tech skills, while also furthering her learning and applying what she is learning, both in
school and in the workplace.

Figure 4. Grace's Educational Pathway Timeline
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Grace is 20-22 years old and is currently a last semester undergraduate in Cyber Science.
She credits her exploration, interest and success in computer science and technology from her
family’s support and great teachers who encouraged her to preserver and be curious in computer
science. Her goal after graduation is to either pursue additional education in graduate school
and/or work for a local company that enables her to help people and make a positive impact
using technology on the future. A timeline of her educational pathway is illustrated in Figure 4
including critical perspectives and experiences along the way.
James (27+ yrs. old, Caucasian, Male)
James the youngest of 3 boys was born and raised in the Southeast. James was an average
child, with a love of the outdoors, building things and did OK in school, with some subjects
stronger than others. James shared he had a predominately middle class, suburban childhood. His
family was, and still is pretty close-knit. Both his parents went to college and worked in
healthcare while he was growing up. His dad was quiet, while his mom was more emotional and
animated. James’s oldest brother was the brother who taught him what not to do. He was the one
who was into counterculture, would get into trouble and make big mistakes. Both James and his
middle brother would see these mistakes and used the oldest brother as the example of what not
to do. In childhood, James and his middle brother disliked each other; today however they have a
strong relationship. His middle brother is the one who introduced James to CS. They both have
varied interests within the broader CS world and get together to hang-out or play video games
online.
James joined the military after high school, following a short stint at Community College.
He started off his military enlistment pursuing a career track that was of interest to him, however
when in training he became ill and needed to withdraw. This was a major disappointment for
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James and something that even years later when we were talking about this experience caused
him to pause and reflect on what he considered to be a failure, and in retrospect an opportunity
for humility and growth. After his injury, James found himself assigned to another career track,
one that he learned to enjoy, most notably his ability to problem solve and be quick about it.
James describes himself as a bit stubborn, introverted with a passion for learning and
exploring. We started our conversations at the beginning of his senior year and completed them
as he graduated. James spent a good bit of time reflecting over his life in our discussions and
how some of the pathways were not planned, but that he can see how those paths led him to his
passion and love for CS, as well as have helped to enable him to move into the new job in
computer simulation with a large company after graduation.

Figure 5. James's Educational Pathway Timeline
James is 27+ years old and is Spring 2020 graduate of an undergraduate CS program. His
participation in the study took place in his final year of undergraduate studies and has now
graduated and started his career in the mid-West with a large global aerospace company. A
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timeline of his educational pathway is illustrated in Figure 5 including critical perspectives and
experiences along the way.
Nikola (20-22 yrs. old, Asian, Male)
Nikola’s early years, birth through the end of middle school, were lived in Asia. His
father’s death when he was 12 years old greatly impacted him. Not only was his father his only
parent in Asia (his mother had moved to the US), but after his father’s death, Nikola needed to
move around from family member to family member, a few days a week at each home. Nikola
settled in his maternal grandparent’s house towards the mid-end of his middle school years,
giving him stability in his homelife and the opportunity to focus on childhood pursuits and his
schooling. As high school neared, Nikola and his mom, who was already in the US, worked the
paperwork for him to immigrate to be with her. This paperwork came through and Nikola left his
home in Asia and moved to the US to be with his mom. When he first arrived in the US his
English was not as proficient as it is now. Nikola recalled how in his first few years here, he
would write down everything he heard and when he got home from school use his native
language – English dictionary to translate and try to figure out what was said. Nikola’s strong
work-ethic, something instilled in him from his birth country culture and his family, gave him
the drive to strive for excellence in learning English as well as continuing to push himself
academically.
Nikola is a sensitive soul and when our conversations turned to the emotional impacts of
his childhood, he reflected on how his mom was and is always there for him. Nikola shared that
in his culture, discussing emotions or seeking therapy is not something that is common. His mom
provided this safe space, even over the phone while he was still in Asia, to help him work
through his feelings and emotional challenges and turmoil. Nikola talked about how the
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challenges he and his mom have faced in their lives helps to keep minor stressors in perspective.
Nikola has a love of learning – everything and anything. He claimed to be introverted, which I
can see; however, when he got to talking about things he felt strongly about and has passion for,
his incredible thoughtfulness and deep reflection came through. Nikola wants to change the
world and sees CS as a way to help build a better tomorrow, which is part of the draw to the
field.

Figure 6. Nikola's Educational Pathway Timeline
Nikola is 20-22 years old and is currently rising senior in a Computer Science and
Computer Engineering major. His goal after graduation is to get into a big well-known company
to support building video games, engineering economics, or the computer side of security. A
timeline of his educational pathway is illustrated in Figure 6 including critical perspectives and
experiences along the way.
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Grace, James and Nikola all have unique timelines and experiences within their lives,
some of which may be common factors to support their persistence and success in CS.
Interestingly all are ‘high school locals’ to the city in the university they attended. Two of the
participants, Grace and James have military influences within their years prior to university;
Grace as a military dependent, James as active duty enlisted. Likewise, both Grace and James are
also the youngest of their siblings and both have older siblings (either by birth or marriage) who
also have affinity for CS. With respect to their education, all three had unremarkable early
educational exposure to CS in the classroom, though all had exposure in varying degrees to CS
and tech at home and all had opportunities through play to begin nurturing their love of handson. Additionally, all three in their middle and high school years participated in extracurricular
activities and events that further nurtured and/or helped develop their interest and sense of
belonging in the CS/tech community. Grace, James and Nikola are all successful and in good
standing in their undergraduate pursuits of CS at the university.
CS Educational Pathways (Research Question 1)
As part of the exploration and understanding of the participants responses to the first
research question, I explored and summarized their timelines. These timelines were
predominantly from the timeline interview, though a few pieces were added as a result of followup interviews and journal submissions. This data which was compiled through the coding, recoding and categorization as described in Chapter 3, Methods. Through this process, three
themes were drawn from the qualitative analysis: The role of family models, the role of good
teachers, and the notion that "you have to want it" in terms of pursuing a CS pathway. To report
related findings, the educational experience of each participant is first highlighted using their
corresponding educational pathway timeline for reference, followed by a description of themes.
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This section further explains the identified themes with supporting documentation from the
participants' perspectives, through incorporating their quotations. The themes identified for this
question are summarized in Table 1.
Table 1.Summary of Question 1 Themes – Educational Pathways
Guiding

Theme

Description

Question
How do women
and men enrolled
in a CS program
describe their
educational path
and desire to
pursue CS in
undergraduate
studies?

Family Role
Model
Good Teachers

You have to want
it

A direct family member, by birth or marriage, who
serves as an example or nurtured interest in this case
CS
A teacher who provided additional support,
nurturing, or encouragement to a student above and
beyond normal instruction
Strong and genuine passion behind the desire to be in
the CS educational (and career) pathway

I wanted to get to know my participants and understand their educational pathways
deeply. To do this, I read and reread many times their interview transcripts and journal
submissions, as well as reflection in my researcher journal and participant sketching. The first
interaction that I had with each participant face-to-face, or electronically face-to-face when
social distancing, was the timeline interview (Appendix C). Through this interview we explored
their educational pathways leading to enrollment and junior or senior undergraduate status in a
CS program. Within the three participants and their stories, three themes emerged as important
and impactful on their CS educational pathway: (1) Family role model supporting and/or
introducing CS, (2) Good teachers and (3) You have to want it.
Importance of Family Role Models
All three participants related to having a strong connection with at least one person in
their family regarding CS and technology. These role models helped to introduce and/or stoke
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the fire of interest in CS for each participant, thereby creating a connection and nurturing
environment that made each participant feel a sense of belonging, pride, success and common
interest with their role model. In the case of the three participants in this study, the family role
model was male. Further, one participant had a female family role model to help push him to
pursue his interests as a career and leverage challenges as reminders and fuel for success. The
following are particular participants' experiences supporting the importance of family role
models.
Grace. Grace began her computing journey at home with the men in her family, her
father, grandfather and brother. Grace in her early years spent time with her grandfather and
father enjoying time with them learning and working with computers.
My father made a living working on cyber security… My brother was always around
tech…My grandfather was very present for my childhood and absolutely obsessed with
technology, whether or not he understood it… It was because of this that I really started
to love technology and found ways to be around it. I think a large part of that was
wanting to be like the men in my family.
Grace recalled fondly of a conversation she overheard in her teen years where she had
fixed a family members phone and her father had expressed pride in her ability to do tech and
had used it to help someone. Having that insight into enjoying doing and the connection with the
males in her family really spurred Grace’s desire to pursue CS.
James. His family had a computer when he was growing up, though he did not talk much
about using it for anything other than games.
It was not until high school, when James was first exposed to computer science. His first
CS class was html coding, which he found boring and unexciting. James’s formal
extracurricular’s in high school centered around sports, mostly soccer. He could often be found
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playing video games or building things on his own time after school. James recalled that during
this time, he remembers his middle brother often would play with his computer in his room.
After graduation, James started Community College to pursue engineering but realized he
was not engaged with the coursework and did not really know what he wanted for his education
and career pathway. He shared that the push for engineering came from many in his sphere
because it was a good paying job and something he would do well at. James did not want to go
through school just ‘doing the motions,’ he wanted to do something meaningful, that he had a
passion for, and he knew he needed to ‘grow up.’ He subsequently enlisted in the military and
through several military occupation specialty code (MOS) changes, found he enjoyed problem
solving and technology. Through his brother, initially, and with subsequent self-teaching while
in the military, James created a game using C# and fell in love with computer science. This in
turn fueled his pursuit of computer science after his time in the military.
About 5 years into my enlistment my brother introduced me to a physics engine where
you could create games called Unity. Not only that he told me how code works to tell
things to do things. This is where I think things changed for me, I think I believed all this
coding was above my head and I didn’t fully understand how easy it was to code
something to do an action… I think if I would of known sooner how easy it could be to
code or make my own game, I would of gone for a computer science degree sooner.
Nikola. As a child, Nikola liked to play video games. He received his first computer
when he, his grandfather and male cousin went to a computer hardware store to have a computer
built. This process fascinated him, and Nikola then spent hours working to learn, tweak and play
with his computer and other computers within the family as he grew.
My first real kind of powerful computer, I got it around 2009/2010 it’s a build desktop, in
my grandpa’s home. So that computer is not like now a days you go to the store and buy
a computer. In that time, we actually, I went with my cousin and my grandpa and we
went to a computer hardware store and we asked someone to build me a computer. So
those people, because I was really young (9 or 10) I didn’t know any of the components
of the computer, but I was hearing how the guy was talking to my cousin – like what type
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of CPU, GPU you want, RAM, storage etc. What tasks are you going to do in the
computer – all kinds of the hardware stuff? I was young and didn’t understand it and I
knew that all those components come together and build a computer. After we chose all
the stuff, I remember in the hardware store, after the other guy put everything on the
computer together, they will use a DVD and insert into computer. That was the first time
I saw the bios screen on the computer, how do they install the system, the computer and I
was fascinated.
Nikola’s maternal grandfather and grandmother took him in after a very tumultuous time
in his youth and helped to provide a safe space for him to be able to go back to being more of a
kid. His grandfather not only helped Nikola in many ways that he needed as he healed from the
death of his father by providing a safe, stable home environment for him, but he also nurtured
Nikola’s interest in computers by buying him his first computer. As Nikola moved to the US to
be with his mother, she continued this support and successful role model. She pushed Nikola to
pursue his dreams in CS, and to use the pressures in life as reflections of what one needs to
overcome to be successful.
Importance of Good Teachers
Good teachers help inspire, engage and provide additional support, nurturing, or
encouragement to a student above and beyond normal instruction. These are often the teachers
that students recall who helped a student realize their potential or who pushed to ensure learning
of a topic that instead because a foundation or educational/career pursuit. For Grace, James and
Nikola, each relayed their stories of good teachers who made lasting impacts in their lives and
also positively impacted their educational pathway and enabled potential pursuit of CS.
Grace. It was not until middle school, around the same time she received her first
computer (6th grade), that she also began taking computer science and technology courses (8th
grade). Grace loved her tech and computer classes in middle school and high school. She

68

reminisced about the great teachers she had in those early exposure courses, as well as the
comfortable environment that she was exposed to in those classes.
[I] wound up with a fantastic tech teacher, whom I really enjoyed back in middle school.
And went OH, this is cool!
When we talked about high school, Grace shared how she actively sought CS and
Technology courses in her schedule and in her extracurricular activities. She shared how in one
class that she wanted to take; she was missing the required pre-requisite. Instead of not taking it,
Grace approached the teacher and asked if she could take the pre-requisite course and the course
concurrently. He said yes, and Grace worked hard in both classes to prove that she could perform
well. Grace was part of many extracurricular activities in high school to include the Newspaper,
Comic Book Club and Girl Scouts. In talking about all of these, there was a common thread
where she used or further explored her CS/tech skills. In Newspaper (the advisor invited her to
participate because of her tech skills) she had the skillset to use the software; in Comic Book
Club (something she really loved) she was using her tech skills to support the group. And in Girl
Scouts, the first choice for her Gold Award was to build a way to support senior citizens
awareness and safety in CS/Tech exposure.
Now in college, crediting her teachers as helping to foster her knowledge, love and
application of CS/Tech; most notably the hands-on, relevancy and application to the real-world.
My absolute favorite professors, we're not teachers because they wanted to be teachers
from the very start. They were, they have this crazy, crazy life and had stories to tell
[about CS/Tech in the real-world].
James. James also had an unremarkable CS elementary experience. James recalled
struggling with reading and math in elementary school, and math again in middle school. He
relayed a story where he failed and had to go to summer school in elementary school because he
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could not do long division. This frustrated him because at that time, all he wanted to do was go
outside and play. His struggles in math continued into middle school.
Seventh and eighth grade is finally where my math clicked for me and all thanks to the
teacher, I had for those two years. He was a very intense older gentlemen who was also
my track and field coach. My math teacher like I’ve told you was very determined to find
those weak at math and answer the problems in class and put them on the spot. … I don’t
think I would ever have grasped fractions unless someone like him stepped in my life and
drilled it into me.
With the support of his middle school math teacher, James was able to push through the
challenges and build a strong foundation in his math skills James also fondly remembered his
middle school science teacher. The hands-on labs and opportunity to see relevancy to what was
being taught was welcomed by James; a self-described hands-on, like-to-build person. Middle
school was a turning point for James in terms of seeing how hard work, coupled with relevancy
into the “why” something was being learned could positively impact his education, interests and
opportunities.
Nikola. Nikola’s elementary school years were also uneventful with respect to CS. He
recalled taking the normal courses, language, math, science, etc., as well as hands-on classes like
sewing. Nikola shared that he really enjoyed sewing class because it was something he could do
with his hands. Middle school for Nikola was much the same as elementary school, though his
days were longer. As he was approaching the start of high school, Nikola was able to immigrate
to the United States to be with his mother and he began the process of integrating into the
Southeastern culture and American high school. Math, Science and Computer Science were easy
topics for him, and he actively pursued those topics in high school and into college.
[I] couldn’t even understand what the teachers are telling us to do in the class. So, one
thing when I first came to the US is that I realized that the only subject that I was really
good at, when I first came here was math. Because math you don’t need a lot of English
you just need numbers and symbols, which is, pretty much universal across the world.
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Nikola advocated for himself in math when he came to the U.S. and demonstrated to his teachers
that he was strong in math and science. Through his advocacy and teachers who believed in and
supported him, Nikola was able to take higher level and AP math and science classes. These in
turn opened the door to what he considered the fundamental building blocks towards his interest
in CS – physics, math, electricity and magnetism, and coding.
Importance of “You have to want it”
Passion and desire are not things that can be taught, they are essential though to building
competency, ensuring success and being able to push through the hard times. “You have to want
it” refers to the strong and genuine passion behind the participants desire to be in the CS
educational (and career) pathway. The internal desire and burning for CS was shared by all three
participants in varying ways and reasons during the interviews and journals.
Grace. Grace does not question her love of CS and technology, to her it’s a part of her
life and is with her all the time. She reflected that her unwavering sense of belonging and desire
to use CS/Tech to help others helps her to persevere in those moments where she’s stuck on a
code and cannot find the bug or when she’s not sure how to solve the problem. She knows she
wants this and that for her CS is her past, present and future, it is the path she is on and the one
she wants to keep on.
Computer science is the magic behind computers. It's seeing what goes on behind the
curtain you get to step behind and be The Wizard of Oz who it's builds all of this fun
really cool stuff.
James. He loved to play outside, with Physical Education being one of his favorite
classes in his early years. James recalled fondly of playing Lego’s in Kindergarten and of his
enjoyment in playing with other kids’ outside throughout elementary school. These hands-on
experiences matured as James got older into things like brewing his own kombucha and building
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his own furniture; but it is also nurtured in his love of CS and in seeing the code succeed and
seeing the opportunities start to unfold. James early experiences, from his love of building,
problem solving and seeing things work, to playing video games, to high school his high school
exposure to CS coursework, to seeing his middle brother throughout much of his adolescent to
adulthood life all came together (sometimes years later) in his awakening that his field within CS
is his path and passion. As we talked, James reflected on how now that he knows how deep his
passion and commitment to CS it is exactly where he wants to be, he wants to keep growing in it
and he is looking forward to starting work where he can talk CS all the time with people who are
just as passionate about it as he is. It is the driving force for what has helped him overcome the
challenges in school with coursework while at university and the excitement of what is yet to
come.
Nikola. From his early days he has dreamed of contributing something to the world,
something that is new, exciting, and makes a positive contribution to society. Nikola believes
that technology is the future and the building blocks of a better future world. This fascination
with technology and betterment for the world comes from many places from his early years in
Asia, to his love of science fiction, pushing his comfort zones and to his travels. When we were
talking, Nikola shared that the computer was one of his favorite toys and companions when he
was growing up because of the breadth of opportunities that it offered him, everything from
gaming, finding new friends online in the games, to learning how the computer works. This is
still true for him today, with more possibilities as robotics, social media, the Internet and endless
possibilities are available through computers and technology. Nikola wants to make a
contribution and be part of the building blocks of tomorrows dreams and a better world future,
and he sees technology and CS as the pathway where he can best contribute.
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Summary
The participants timelines were all unique to themselves. It is interesting to note that none
of the participants reported anything remarkable for early education/elementary school CS
impact across any of the factors or of personal note to themselves. Their family influences were
very important not only in the early years, but throughout their lives in general support and as in
role models in CS. The middle school and high school time period exposure to CS and
technology helped to act as catalyst for fundamental skills essential for success in STEM and
specifically CS, such as math, science and hands-on activities; as well as provided exposure to
CS and technology coursework through elective courses. Additionally, all three participants
expressed that their extracurricular exposure in middle, high and university were impactful in
both introduction and reinforcement of their interest and success within CS. Lastly, the
participants all showcased their strong desire and passion for CS as something that is a part of
them and their desired futures. All of these influences which in turn positively impacted the
participants CS educational pathway.
Impact of SCCT Critical factors on CS education (Research Question 2)
I engaged the participants during the three interviews, as well as in their journals to
reflect on the SCCT factors (individual characteristics, family influences, structural academic
barriers, social perceptions, and psychological) that were impactful and influential on their
pursuit of CS undergraduate studies. Throughout the process I listened, sketched and journaled.
It was not until I looked back throughout all of the data, in a cumulative perspective that the
SCCT factors that threaded across the participants came into view for me. To visualize my
overall understanding of each participant, I produced a sketch of each as a means to capture their
individual drive and SCCT critical factors. The sketch forced me to reflect and draw the person
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Table 2. Summary of Question 2 Themes - SCCT Factors
Guiding Question
What and how have SCCT
critical factors (individual
characteristics, family
influences, structural
academic barriers, social
perceptions, and
psychological) impacted
women and men’s interest
and pursuit of education in
CS undergraduate studies?

Theme

Description

Family Role Model

A direct family member, by
birth or marriage, who serves
as an example or nurtured
interest in this case CS

Sense of Belonging

Feeling of and desire to be
included and belong to a
group, in this case to the CS
Community. Aligns also with
connection/relatedness to
SDT.

Growth Mindset

A mindset and personal
philosophy whereby one
believes that knowledge,
talent and success are a result
of hard work and dedication,
building a resilience. Aligns
also with competency from
SDT.

Good Teachers

A teacher who provided
additional support, nurturing,
or encouragement to a
student above and beyond
normal instruction

You have to want it

Strong and genuine passion
behind the desire to be in the
CS educational (and career)
pathway. Aligns also with
autonomy from SDT.

at their core, as shared with me, and to showcase only the most important and impactful
components. Through this analysis and drawing, I came to see that within the combined SCCT
factors as overlapped with the triatic reciprocal model (1) personal/home (individual
characteristics, family influences, gender, culture), (2) Academic/Attitude (structural academic
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barriers, social perceptions, social models, instruction, rewards) and (3) Psychological
(behavioral, self-efficacy, sense of belonging, choice of activities, effort) that each participant
had connections within each category. The factors (themes) identified for this question are
briefly summarized in Table 2 on page 74.
Graphic Sketches of Participants
To report the findings on this research question, each participant's profile is first
described using their corresponding sketch of SCCT and educational factors. Shared themes are
highlighted next to address Research Question 2.
Grace as a superheroine. Grace, as represented in figure 7, is a reflection of my interpretation
of her educational pathway and SCCT factors that have enabled her to succeed in CS. This
graphical representation is a culmination of our three interviews and her journal submissions.
Throughout the entire process, I had maintained a researcher’s journal in which I mode
comments or thoughts about each participant, including Grace. When I went to reflect on Grace
to start the sketch, I first wrote down
essential pieces of our conversations
(written and spoken) that I felt
comprised the stories she had shared.
This list included: love and support in
tech (dad, brother, grandpa), Cyber,
tight family, service before self, liked

Figure 7. Graphical Representation of Grace
Figure 7. Graphical Representation of Grace

being needed, good teachers, tom- boy,
growth oriented. And in turn started the

development of the image where Grace stands on the shoulders of the men in her life who have
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supported and nurtured her in life and in her pursuit of CS/Cyber. From there, the development
of the shield which all in the image wear, which states “Grow, Help, Protect, Serve, Family.”
Grace’s love of comics and her strong urge to use CS/Cyber/Tech to help and protect others lead
to the representation of her as a superhero, complete with a binary superhero cape.
James as a tree with deep roots. James, as represented in figure 8, is a reflection of my
interpretation of his educational and
military pathways, as well as SCCT
factors that have enabled him to succeed
in CS. This graphical representation is a
culmination of our three interviews and
journal submissions. Like with Grace, I
made comments and thoughts about
James in my researcher journal. When I
Figure
Representation
of James
started James’s sketch, I reflected on his
Figure8.8.Graphical
Graphical
Representation
of James
stories. James, perhaps by being older or having experiences outside of high school to university
was much more reflective and grounded, this formed the foundation of the tree and root system.
The roots are the foundations which helped him to succeed – teachers, middle older brother,
friends and mentors. The trunk is his history that helped to lead him to finding his passion –
community college (knew he needed to grow up), military (where he grew up). The flowers on
the tree representing the pieces of James that he shared in our time together that make up his
passion for CS and the pieces that he continues to hold to as he embarks on his journey postgraduation – CS, build/fix/hands/on, open mind, failure/humility/growth. It often takes many
years for a seed to become a mature flowering tree, and this reflection of a tree is important to

76

showcase the maturing of James’s exposure to fundamental skills, including basic CS/Tech, to
his maturing into CS as where he feels he belongs.
Nikola crossing boundaries. Nikola, as represented in Figure 9, is a reflection of my
interpretation of his educational pathway and the SCCT factors that have enabled him to succeed
in CS. This graphical representation is a culmination of our three interviews and his journal
submissions. Similarly, to Grace and James, with Nikola I kept notes on our interactions and his
submissions in my researcher journal.
The following words came to light when
I reflected on Nikola in preparation for
starting his sketch – world, curious,
overcome challenges, academic,
math/science, perseverance, hands-on,
CS to make the world better. I wanted to
give a nod to the courage and journey

Figure
9. Graphical
Representation
of Nikola
Figure
9. Graphical
Representation
of Nikola
Nikola had leaving Asia where he grew up

through middle school and the US where he started high school and is now in university, as such
I used the representation of the earth to showcase a younger, smaller Nikola in Asia playing with
his first computer to the older, larger representation of Nikola over the US with idea bubbles
focused on using CS and a better world. Across his path from childhood to now, in the global
trek, math/science, computers, curiosity, challenges, perseverance all have accompanied and led
him to where he is today.
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Personal/Home Influences – Family Role Model.
A supportive family role model (or models) was an emergent theme amongst all
participants. This theme captures the family influences, as defined by SCCT and categorized by
me in the personal/home category for the participants. Within this study, a family role model
encompasses a direct family member, by birth or marriage, who serves as an example or nurtured
interest in the participants life, particularly with respect to their pathway towards CS.
Grace. For Grace, she recalled early in her childhood spending time with her grandfather
or tagging along after her older brother – playing outside or fostering her love of video games.
I just kind of always wound up being with the guys and my dad wasn't always necessarily
present due to his work… that was something that I would go to talk and bond with him
[dad] over it was technology and computers
While she is close with her sisters, she reports that the conversations either have to be ‘coded’ so
that her ‘sorority girl’ sisters can understand what she’s talking about (i.e. explaining something
tech-y in fashion terms) and vice versa. It is interesting to note that while Grace and her sister
both grew up in the same environment, Grace’s relationship with the males in her family who
were CS oriented was different than that of her sister’s. Her sister was into more traditional
‘girly’ things, whereas Grace was more ‘tomboy-ish,’ and gravitated towards the hands-on,
tech/CS activities with her male relatives.
So, I have an older sister who is a sorority girl. So, they were always like [she’s] super
girly, can't you rub that off on her? And I was like no, I like computers. I'm Different. I
like the tech and I'm going to go into soccer and hide behind my brother and learn
archery because, yeah, it's a it's a sport and yeah, I'm really cool. I'm around all of the
guys all the time because I know how to be a tomboy and like I know that's a part of what
led to this is - I really wanted to like prove that you could be a girl that's a tomboy and
that’s okay
She also has little interest in technology and so very little working knowledge
of it. This has led to a sort of simile bridge between us. Whenever we want to get a idea
across to the other about our interests, we will utilize a similar ideology from the other’s
interest. For example, if I wanted to tell her about how phishing scams have had a big
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increase and were leading to security breaches, I would likely compare it to purchasing a
fake designer bag online would give shady people your credit card information.
This is not to say that she’s not close with her mother or sisters, more that she feels she
has more interests in common with her male relatives and those in the CS realm, which she was
introduced to because of the men in her life.
So, I really wanted to go into tech because all of the guys in my family were in tech…
[interest in tech] Yea, it was definitely because of my dad.
James. James recalled thinking his ‘nerdy’ middle brother just sat in his room all day
playing with his computer and he did not pay him much attention. It was not until after high
school that the middle brother and James came around and found each other’s company
enjoyable.
When I was younger. [He] and me hated each other. It was a very bad relationship. Then
we finally moved out of the house and became best friends, it was like a total flip, it was
weird. And now we’re, I’m actually going to his house today, hanging out with him and
doing dinner
He was always in his room and I kind of always kind of looked him as a nerd. But me
and him get along now. I thought all he does is he sits in his room and I want to go out
and be with my friends...And then he was coding websites, he’d be coding in Pearl and
other things
James’s middle brother grew up being into computers, so much so that he too is involved
in CS in his adult life. The two even talk about their respective CS fields and interests now.
James recalls when he was in the military, his brother exposed him to coding through the
development of a computer game together. This adult relationship and experience with his
middle brother were the catalyst to James’s pursuit of CS as an educational and career pathway.
I just did like a lot of the coding played around showed him some cool ideas that you
know that I was coming up with and thought was really cool. And I was just kind of a
little joint venture between me and him and nothing too super serious. It was kind of fun
playing around the software. I was showing him with unity. He showed me how to code
and got me into really coding and so I dived in the software like physics engine, like unit,
and was like, oh, wow, look at all this this, you know coding can do so much like... So
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most of the work done for you, so I was just me and him were playing around with it,
doing cool things.
Nikola. The death of his father in middle school and need to focus on what family he
would be staying with caused stress for him and naturally resulted in his grades dropping.
Then my grade, by then is dropping pretty bad…It just at that hard time I was really, I
don’t have the power the energy to concentrate on my study, I’m just always thinking
about where I’m going to live tonight, which family house I will be going to.
Due to the location of his school and his age, Nikola was unable to ride the bus to/from
school that would enable him to live with his maternal grandparents. Shortly after, when Nikola
was 13 or early 14, he was old enough to take the bus on his own and was able to live at his
maternal grandparents’ house full-time. This provided him the stability he needed to focus on
school again, not on basic needs like shelter. His grandfather spent time with him and helped him
to grow.
Since I was little, I always love to build things with my mind and my hands. I love
helping my grandpa fixing electronics and I learned to how to use hammers,
screwdrivers, chain saws, multimeters and all kinds tools in a very young age. It is always
exciting to see what we can build using not only our knowledge but also our hands to
apply in the real world.
It was during this time, while living with his grandparents, that Nikola also had his first real
computer. His grandfather and his cousin took Nikola to a computer store to have his computer
built. The experience was mesmerizing for Nikola and fueled hours of exploring his computer.
Nikola’s maternal grandfather was extremely influential in his life. Not only did they take
in Nikola during a very challenging time in his life, but they helped him thrive. Through
providing the security needed to enable Nikola to feel safe enough to return to focusing on his
grades, but they also provided opportunities for him to stay connected with his mother through
phone calls. Working with his grandfather, Nikola found joy in working with his hands and
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fixing things, something he still enjoys today. Additionally, through this support, while living
with his grandparents, Nikola was also exposed to CS through computers and games in the house
and ultimately his first computer build.
And they gave us the system install DVD to us, so when I was at home and was bored,
and I wanted to reinstall a new system I would put the DVD in and I would try to mess
around and see what works/doesn’t work. I was just playing around with it and it was
pretty interesting, that was my earliest exposure to how a computer works.
I think that's why I like the both of the software and hardware side and I like how the
software and hardware what is the interact with each other. It's because they have those
early experience from scratch this tiny hardware, that tiny hardware and you put it
together and install the software operating system onto it. Yeah, that definitely impacted
me in what I am right now.
Nikola’s mother, while not technical or CS engaged, has played a large role in his
development and as a role model. She was there for him, even from a distance, during his youth
while he was in his home country and she had already immigrated. She continued to be his
emotional support and provide a safe space for him to share his thoughts and feelings after his
father’s death. Today Nikola shares that he and his mother have a very close relationship, she is
his emotional support and encourages him to pursue a career that is a passion of his. Having such
a strong influential mother, especially considering all of the other challenges Nikola has faced, is
important and has helped keep him on track for having a successful, productive future.
Nikola carries with him today the love of hands-on in seeing his code and robotics work,
as well as has coupled his love of computers into his pursuit of CS.
I have a lot of interest in the hand on side, I like to do the labs and I like to do, to see how
the code will impact the software and the hardware to produce useful things.
Grace, James, and Nikola each described the impacts of a family role model on their
individual pathways to undergraduate CS education. Grace explored how being part of the ‘guys’
and sharing tech with her Dad fostered her passion and interest. James shared how his middle
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brother let him see the excitement of coding through a joint-built game. Nikola shared how the
love and support of his grandfather after a life-changing event enabled him to have the safety and
security to focus on school and his newfound interest in computers. Through these family role
models we saw how each participant had the support to explore their interest in CS.
Academic/Attitude – Good Teachers
Good teachers who were impactful in each of the participants educational experiences
emerged as an essential component to participants pursuing and succeeding in CS. A “good
teacher” is a teacher who provided additional support, nurturing, or encouragement to a student
above and beyond normal instruction. All three participants reflected on moments within their
middle and high school years where good teachers helped them to stay on track with their STEM
and subsequent CS pathways.
Grace. Grace’s experiences in CS and technology classes were really cemented by the
teachers she was exposed to. She remembers always wanting to take a technology course and
having the first opportunity to do so in 8th grade. Her memories of that class, Communications
Technology, and the teacher are warm.
I took Communication technology and it was my favorite course. The teacher was a
gentleman probably in his later 60s who had had a very full and exciting life. He always
had weird little tips and tricks for all of us.
This course in middle school in turn led Grace to take additional CS and tech courses in high
school. It is here where Grace recalls that these teachers pushed her beyond her skill level as well
as provided a sense of belonging and connections to use of CS/Technology outside of the
classroom in the school.
That class [middle school] led to me taking the level 2 course in high school. It was
another great class, although the structure and course material were wildly different from
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my level one class. This professor was another great man with lots of life experience and
a wildly different approach to teaching... I definitely got to see how things in the digital
world could transfer to the physical one.
In every extracurricular activity, my tech skills were somehow brought in as a reason that
I should lead an activity, make posters, or was just straight up given a position
And I had professors continuously, who believed me when I would say stuff. And like I
worked for that I built that trust and I was kind of universally known to be very like I did
a thing, I'm trying to take care of [it] rather than being like that kid that everyone’s like
are they really doing that again
Grace reports that this type of amazing teaching has carried through to her college course,
for the most part. She reports that she has had one interaction with a professor who she felt
treated her as if she did not belong and was not as accepting in the classroom. She credits her
ability to persevere in this instance to having great teachers to help build her up and provide a
strong foundational support for her to be successful in college and have the faith in herself and
her abilities. It was this strong foundational support from her teachers that helped enable Grace
to learn and expand her love of CS and technology.
James. James was a little boy who loved to play outside, build things and be active. The
best part about elementary school for him was Physical Education (PE) class. He remembers in
early elementary school when he struggled with math, long division specifically. This resulted in
him being held back and needed to attend summer school. Summer school really upset James, he
wanted to go outside, play with his friends not do school over the summer. As a result, having
the things he loved taken away was a wake-up call for James in that he needed to figure out the
skills. While he was successful in doing so and moving on to the next grade, James continued to
struggle with math into middle school. His 7th and 8th grade math teacher was also his track
coach and was relentless in helping James to learn and understand math.
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I was struggling with math, I was. And then I met a teacher named Mr. P, that guy
changed my life. He impacted me greatly and every time I think back to him. The guy, he
was the most intense individual...Like if he knows you had a problem, he’s going to call
on you in class and he caught onto me right away
So I think having someone as a mentor and having someone you come across and that
actually cares about you, that changes you. All of a sudden, my grades in math changed. I
think he was the, he literally stood in the middle of my road, my journey and he was like
you’re going to stop and going to learn this. And if he didn’t do that, I don’t think I
would have had as good of math fundamentals as I do today.
James reports that these lessons learned in middle school – finding a strong mentor who
cares about you and practicing skills until you understand them has carried with him today.
James stated when we first spoke that he feels very confident in math, something he attributes to
Mr. P and James’s own changed thinking. Today, James shared that he has taken these lessons
and has applied them to classes or topics he is not always interested in, kind of like a mind game
of convincing himself that the topic is important to enable him to be successful.
Nikola. Nikola’s story and connection to good teachers is a different than the other
participants, though equally as important.
Upon arriving in the US, Nikola was an English Language Learner, speaking limited
English as he began his 9th grade year. He remembers having a Chinese/English dictionary with
him all the time so that he could translate and learn the language. In some classes, like American
History where the teacher spoke the entire class period, Nikola struggled to understand the
English words. He recalled a day when the teacher was saying to the class than an essay would
be due soon. Nikola wrote down the words he heard from the class “SA” and then went home to
try to translate what “SA” meant, not realizing that the teacher was saying “essay.” Learning
English was a challenge for Nikola, though today he shares he is really proud of how far his
English has come and that when visiting his family back in Asia he feels English is now one of
his strengths. While the above does not necessarily reflect a ‘good teacher,’ it does reflect how
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Nikola chose to overcome an academic barrier and in turn take that lesson and apply it with
teachers who were advocates for him in other classes.
Nikola was a strong math student. His early years of schooling put emphasis on strong
math skills by constantly working problems to reinforce the math concepts. In addition, math
concepts are much easier to transition between languages as much of the topic and contents are
the same. When first placed in Algebra, the traditional class for the regular track students in his
9th grade high school, Nikola soon realized that the content was something he already knew and
had mastered. He spoke up and shared with his Algebra teacher that he knew the material
already, to which she agreed to test his skill and if successful move him to the next level. The
same happened when Nikola was placed in Algebra II, so much so that by the middle of his first
year, he had moved from Algebra I to Pre-Calc.
When I first came to US they put me to Algebra I class and then the Algebra I class
because the teacher was doing problems on the board, I learned that in my 7th grade I
know that material. So I told my teacher I learned all the materials, so my teacher
understand that and she gave me a test and said if I could finish the math test I can
proceed to the next level, so I complete that test pretty good. So, by 1 week of my
freshman year because math everything I already know and didn’t want to waste my time
and proceed to next level. So I passed that test and they put me to algebra II, because my
teachers they don’t know my knowledge of math and I don’t know my knowledge of
math because in [my home country] we don’t have a name for it, we just call is 7th grade
math 8th grade math… we don’t have the algebra, geometry…. When I was in Algebra II
class, I feel like I know those materials as well. So, my teacher she gave me another test,
and I did pretty well in it, like 80% so then my teacher agreed to the next level class,
which is Pre-Calc. By that time, it’s like the middle of the year, they don’t want to put me
in the Pre-Calc class, and they’ve already studied half of the year. So, they put me online
courses.
His teachers supported Nikola through navigating a new country, new school, learning a
new language and in listening to him as he expressed his mastery of 3 levels of math courses.
This support is invaluable to a student like Nikola who values education and wants to learn, not
waste his time. This type of pushing for harder courses and having supportive teachers carried on
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for Nikola throughout high school, where he moved from regular track classes in almost all of
his content areas to AP courses (44 credits worth). The same advocacy for pushing forward in
math can be seen in Nikola’s drive in the sciences. He took AP Physics 1 and 2 and then worked
with his Physics teachers to take AP Physics C as a directed study, whereby Nikola would sit in
the teacher’s room, read the book and work with the teacher if he had issues or questions.
It’s not really self-taught; more of like an independent study [AP physics C]. I read the
book if I have problems or difficulties or have areas, I don’t understand I could go to my
physics teacher and he would explain the materials to me. It’s kind of more independent
study, something like that.
Through this course, Nikola realized he really liked electricity and magnetism which relates to
CS and coupled with AP Computer Science, these courses fueled Nikola’s desire to pursue CS in
college. It is fair to say that without teachers who listened to Nikola, especially as he was new to
the country and the language, he may not have had the chance to excel in the math and science
courses that propelled and fueled his academic pathway.
Nikola shared that in college he has also had some teachers, or teaching assistants, who
have made a major impact on his success. The teachers in the Honors Courses he believes are the
ones who are helping to propel his ability to think outside of the CS realm and to really question
and solve problems as well as helping him to refine his soft skills, such as communications and
presentation.
Yea, it feels Honors College is an amazing experience in USF. I’ve taken a lot of
interesting courses about different interesting topics – world issues, political, health care,
basically all the various topics. And I also got to travel to Montreal Canada to study
abroad experience. Yea it was really great experience to see all the different cultures.
Throughout this section, we heard from each of the participants on how good teachers
along their educational pathway have impacted and propelled each of their paths towards CS.
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Grace in middle school and high school had teachers who welcomed her into the technology
courses and helped her to see relevancy beyond what was being taught in class – those teachers
who had stories to tell. In addition, the teachers she engaged with valued her knowledge and
passion, resulting in her applying CS/Technology skills in many of her afterschool
extracurriculars. James was a late bloomer when it came to valuing school. With the support of
his middle school math teacher, James transformed from a student who was just skating by in
math and it not really clicking, to a someone who understood and felt confident in his math
abilities. This turning point is pivotal because of the need for math and mathematical
applications within the CS realm. Lastly, Nikola had a strong elementary and middle school
experience in his birth country which helped to propel him when he came to the US. His teachers
listened to him when he claimed to know content material, jumping almost 3 grades in his math
courses, from Algebra I to Pre-Calc in his first year in the US. This trend continued with teachers
supporting Nikola has he expressed interest in higher level courses in the AP real, culminating
with him doing an independent study-like approach for AP Physics C. Lastly, Nikola reports
Honors College in his University as another venue where good teachers help guide him beyond
seeing tunnel vision for CS/Tech but into the broader spectrum of concepts and ideas, something
he really enjoys and is grateful to have the opportunity to experience.
Psychological
Psychological factors, such as sense of belonging (connection/relatedness), growth
mindset (competency) and you have to want it (autonomy) were reported by participants and
emerged as themes across this factor. I separated each of these themes into subcategories to
better help the reader understand each participant and theme as it emerged.
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Sense of Belonging. Grace, James and Nikola each talked about feeling the sense of
belonging, a connectedness to and within the CS world and that realization for them of that fit.
Throughout the conversations, this sense of belonging came to be described by the participants
as a feeling of and desire to be included and belong to a group, in this case to the CS
Community. All three feel deeply connected to the CS community through their passion, skill
and interest in CS both within the academic world and the career pathways soon to follow as
they graduate.
Grace. Grace started her pathway towards CS early in life with the men in her family as
guiding beacons towards the CS realm. As she explored CS and tech courses in middle and high
school the classes and her teachers in turn helped her to feel as if she belonged in the community.
This feeling stays with her today as she’s preparing to graduate and go into the CS world as a
Cyber Scientist – she belongs here.
Part of why I like cyber and is cyber is a good thing for me is because I do get to feel that
sense of Home and Community
I have built a home in the tech group. I have built my home amongst all of these goofy
nerds to like playing around with network sitting and hiding doing all the stuff over in
their corners and seeing how it turns out. It's been a wonderful thing... you have this like
blend over of these people who kind of just aren't always the most outgoing, aren't always
the most popular people, but they have a lot of heart and the things that they do they do
with a lot of passion.
James. James was exposed to CS in high school but came to love it later in life, while he
was active duty military. His brother helped show him the way in coding and game development.
That moment he realized how cool things were and how much it fit who he was, saw himself, felt
of himself solidified James’s CS pursuit and sense of belonging.
The moment I started actually coding things to do things I just felt a sense of belonging
and this is what I like to do. It’s like building something, like Legos and it's like I can put
piece by piece of things together and make a greater thing, object, that does many things.
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This sense of belonging has carried over throughout his university career. James reflected back
on the support of his close group of friends, that came together from like courses and supported
one another through school. This group developed beyond study and academic accountability to
a community.
I feel like they’re [his group of friends] my main source of bouncing ideas off of, me
teaching them and them teaching me, it’s a great mutual relationship.
What I’ve witnessed [with respect to the CS community] is a lot of people coming
together and help each other out. In my experience in college. Like this is our core group
specifically, there’s 2 females and 2 males, and we help each other out. We started
helping each other like our sophomore, junior year.
Lastly, as James reflected just after graduation about his life going forward with his new job in
CS, he commented on how he feels part of the CS community.
Overall, I feel like I belong in the CS community. I love hearing from others and what
they are doing, and I feel like I can connect with anyone about CS.
Nikola. Nikola has had a strong love of technology and computers from an early age. He
enjoyed exploring different hardware and software components at family members’ homes and
when he received his first computer. When Nikola reflects back on why CS is so important and a
part of him, he shares his vision of the future which has CS and technology embedded in almost
everything we do and see. He sees himself as part of the community that will help lead the
charge for helping to make the world better, through dedication and continuous technological
and CS improvements.
I feel that I fit in the CS community is because I have always been a hard worker, and I
do love to learn new things and try new software. Although it can be difficult at times, I
think learning is a continuous way of life, and it doesn’t end with college. I feel computer
science career is perfect for such constant learning and evolving.
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Growth Mindset. All three participants discussed a resilience towards challenge as well
as personal and educational obstacles that enabled them to believe in themselves and push
through using hard work and dedication. A growth mindset is a mindset and personal philosophy
whereby one believes that knowledge, talent and success are a result of hard work and
dedication, building a resilience; in doing so gaining a sense of mastery in their courses, their
skillset within CS and for achieving their goals. Grace, James and Nikola all have overcome
personal and academic challenges and have used their growth mindset to double down on what is
important, work hard and relish in the success of a challenge completed.
Grace. Grace, reflecting back on her childhood recalled hearing, like most children do ‘if
you can’t do something right, then don’t do it.’ She mentioned how that concept sometimes
created this intense fear of failure. This fear, she has had to work hard to overcome and see that
failure or challenge is a step towards the ultimate goal (so long as you keep going). There are
two things Grace shared that have greatly impacted her full acceptance of a growth mindset. The
first seeing her sister with her nephew who was born immunocompromised. Watching her sister
and her family (herself included) rally around him as he went through several surgeries changed
her perspective about life being ‘perfect.’ Around the same time, Grace came across a posting on
the Internet that addressed growth and partial fill of work as an opportunity. This ad resonated
with her and she believes helped her adjust to a more growth mindset verses fixed mindset that
she felt she had prior.
And so, he is a high-risk baby and watching her deal with him going after surgery after
surgery and seeing my parents stand by them and my brother-in-law was really there for
them. I kind of realized that life is not perfect, it never will be, but it matters how you
deal with it and makes you who you are. And I didn’t really connect that to myself and I
saw this little stupid post on the Internet that was saying even doing something horribly is
worth doing. I was like what - because I grew up with my mom saying if you’re not
going to do something right, just don’t do it.
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Grace went on then to apply this concept to her studies and how Cyber, CS, is iterative. The
programs, codes, applications, networks and so on all are built upon the foundation of those who
have come before, or what you have done yourself previously. She reflected how learning how to
see this in class and how to overcome the unknowns sometimes in CS was shared in a way that
became on opportunity for learning, for growth, for success and happiness.
He [a teacher] would go through it with us and he had a whole bunch of hands-on
experiments where we would take computers apart and put them back together and then
explain to him why things went where they did. And if we didn't know that was okay
because sometimes you just don't know- you look it up, you learn. And so that was one of
my favorite things because he would let you keep trying. As long as you kept at it, he was
happy.
These advances require being comfortable enough to tear apart something and rebuild it to meet
the new need, to address the flaw or to innovate.
And you have to be willing to tear down everything you made because it’s not right.
There’s some small little detail that makes the whole thing moot and then you’re so mad
you have to do it again and that’s OK.
We closed this portion of the conversation reflecting on how Grace had transitioned from
a fixed mindset and a perfectionist to learning how to push forward and do something half-way,
because that is a start and better than nothing. This conversation ended with us talking through
these iterations of improvements and growth, even within her own mindset, it creates an infinite
halfway-half-life that in turn strives towards the ultimate goal and enables the feeling of success
through acceptance and growth.
James. James and I started this conversation of mindset by talking about his childhood
and his love of playing outside and building things with his hands. He recalled how summer
school really impacted his ability to do what he loved, and in turn how he had to work really hard
to get fractions so he could go back to doing what he loved – playing outside. This in turn led to
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reflections about how in middle school through great teachers, James overcame his challenges in
math through support and hard work. Through these reflections, James then went on to say that
as a result of his knowing this in his history, he has noticed that if he is not interested in
something, he does not put the effort in and in turn struggles. James has learned to play a mind
game with himself to jump-start the learning engagement and enable himself to overcome.
I’ve been noticing it since middle school on, it was like every time I don’t pay attention
because I’m not interested, I do crappy because I honestly don’t care. So what I did for
myself, was I acted like I cared I actively changed my mindset – like you’re either going
to try and pay attention and try to enjoy it or you’re going to revert back into yourself
where you don’t like it and do bad.
James loves to learn, and he is a self-proclaimed sponge for learning new things
(autonomy). He shared that, at the time of the interviews, across his senior year this past school
year, he actively sought out TED Talks, Podcasts, books and pushing the boundaries of his
knowledge.
My philosophy of life is like the meaning of life is finding the edges of your existence
and pushing those edges. It's not oh, I'm comfortable where I'm at. Like I enjoy learning
and doing things like because that makes you feel alive. It's like okay, I did that. What
else can I do?
Nikola. Nikola approaches many things in his life with a prescriptive plan and approach.
This may be due to his upbringing and cultural impact, though it also suits him in his pursuit of a
very technical field. When we were discussing mindsets, Nikola shared an almost engineering
design process approach to his mindset. His childhood dreams to contribute to the world, to
invent something new and exciting where threaded through our conversation, with references to
great innovators like Thomas Edison and Nikola Tesla (who Nikola chose as his pseudonym).
Through the personal challenges that Nikola experienced in his early years, he overcame so
much - from the death of his father, to transitioning between homes until he moved in with his
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maternal grandparents to immigrating to the US in his freshman high school year. He just does
not quit, he refines, he takes a new approach, he takes a step back or talks to his mother (his
sounding board).
So, my thought process and the way I talk to my partner is we can make it better. We can
make it better than … it is performing right now. We maybe change some code and we
change some values. So basically, we just keep testing and we test a lot of values.
When Nikola is successful after having to push through something challenge, he relishes in the
win, something that in turn helps him keep pushing and maintaining his growth mindset.
While struggling, I felt great feelings of accomplishment when I finished a big project. I
felt that I can make something from scratch now and it can work so wonderfully.
You Have to Want It. Grace, James and Nikola each expressed strong and genuine
passion behind their desires to be in the CS educational (and career) pathway. All were part of
and pursuing CS because of genuine passion, not chasing the safety or lucrativeness of the field.
In addition, all three have autonomy within their educational CS pursuits whereby they are in CS
for the joy, satisfaction and love of it. Through the reflections and conversations, this personal
desire and pursuit helped keep them on their path towards successful completion of their CS
undergraduate degrees.
Grace. Grace when she was younger knew she loved technology. As she got older, she
continued the pursuit of technology and CS courses throughout high school and into university.
I saw technology as a way to be needed and useful to help others. As time has gone on,
especially with Covid-19 causing mass disruption worldwide, I believe now more than
ever that by learning how to fix, maintain, and protect technology you can help a vast
number of people.
Grace shared that when she first came to the university, she was in CS major and then
transitioned to her true love Cyber shortly after starting her undergrad.
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And they were like Cyber Security and I was like what I wanted from day 1 – THANK
YOU! So, it was this really weird circle to get there, but now that I’m there I love cyber,
it’s fantastic and fun and really weird but I enjoy it.
Grace didn’t share what her elementary self-wanted to be when she grew up, but we did spend a
lot of time talking about how as she entered her undergrad her goal was to join the military and
work as a cyber security specialist active duty before retiring and continuing this path in the
civilian world; much the same as her father had. Unexpectedly Grace was unable to pursue this
path, due to injury and found herself in the middle of her undergraduate needing to reevaluate
her plan for her future and her ideal path. One thing she knew for sure, she wanted to stay within
cyber and use cyber to help people. As we continued to reflect, Grace started to see the path of
how tech (CS and cyber) has wound its way throughout her life and has become a part of almost
everything she has loved doing.
I didn’t realize until now how much of my life, stuff had been driven by the fact that I
had Tech skills. I only got into that because I knew how to do tech.
You get to be the person that brings about security and safety for others and you get to be
the person that brings about that magic and wonder for them too.
I found a way to express myself through tech.
James. James found his genuine and passionate interest in CS later after K-12, when his
middle brother showed him how cool coding could be. We spent a lot of time talking about how
James remembered in middle and high school, adults talking about how important it was to get a
good job, with good pay and how STEM fields could provide that. James went on to reflect that
what frustrates him sometimes because of his love of CS is seeing students who are in it for the
money or because their parents (or another influential adult) told this was a good path.
I think like that there’s this culture where maybe kids are told this is where you get
money, this is where you’ll succeeded, and this is where you’ll have a better life than me.
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And then you have high school’s literally budgeting out and showing kids that you’re
going to be living a tough life if you go this way so you have to go that way… it’s just
funneling people into something that may not truly like.
For James, while he may have struggled in high school and early in community college
about what he wanted, what his passions were and how relevant the topics he was learning were,
he now sees the joys and excitement of CS. Some of this came with maturing while serving in
the military for about 7 years and some after having that ‘light go on’ for him about how cool CS
could be. He feels so connected to the CS community and is driving forward in school (now his
first job out of university) because he loves it and wants to learn more and contribute to the field.
And I thought that was so, I don't, it's so hard to explain the feeling I got when I
accomplished it. It was like, it almost like it came alive. I just made something be - like
start activating and do things that I've started interacting with a world that I was creating.
That is where things just took off for me. It was like I – it’s limitless unlimited
possibilities.
But honestly, I’m in it because I’m interested in it.
Nikola. Nikola’s upbringing before coming to the US included a strong push for
academic success and for doing better than the previous generation. This continued when he
came to the US, but not through his mother’s pushing, instead through Nikola taking advantage
of opportunities, advocating for himself and driving towards his interests and passions. Nikola
remembered his mother encouraging him to pursue medicine in university and how he had
known that he would be most successful at something he has a passion for, which was more on
the technical side of STEM and aligned in CS.
I think you need pursue your interest down the road even though the field earns a lot that
doesn’t mean you will earn a lot because if you are not passionate or interested about it.
So, if you don’t have passion, you may not perform really good at it, so if you are not
really good at it and you will not perform as well as those who are passionate. I feel like
that is the reason.

95

Throughout this section, we walked through the psychological factors that the three
participants referenced as being strong contributors towards their CS educational pathways.
Three psychological factors emerged as common across all three participants were sense of
belonging, growth mindset and desire (you have to want it). All three participants have made
homes in the broader CS community and feel a part of this.
Table 3. Summary of Question 3 Commonalities and Differences
Guiding Question
What are the
Commonalities
commonalities
and
differences in
educational
pathways
and/or factors
of women and
men enrolled
in CS
undergraduate
studies?

Theme
Family
Role
Model,
Good
Teachers
You have
to want it,
Growth
Mindset

Sense of
Belonging
Differences

Gender
Service
Before Self
Work
Experience

Description
A direct family member, by birth or marriage,
who serves as an example or nurtured interest
in this case CS
A teacher who provided additional support,
nurturing, or encouragement to a student
above and beyond normal instruction
Strong and genuine passion behind the desire
to be in the CS educational (and career)
pathway. Aligns also with autonomy from
SDT.
A mindset and personal philosophy whereby
one believes that knowledge, talent and
success are a result of hard work and
dedication, building a resilience. Aligns also
with competency from SDT.
Feeling of and desire to be included and
belong to a group, in this case to the CS
Community. Aligns also with
connection/relatedness to SDT.
The lens with which a person sees and
interprets, based on their gender
The concept of having a bigger cause and
support for others, based on the US Air
Force’s Core Values
The variation between experience in both paid
and unpaid work, such as jobs, volunteerism,
internships, etc.

All three have strong growth mindsets which help them overcome challenges in their
lives, as well as work through challenging and unknown solution problems that are often found
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within STEM fields, such as CS. Most have been cultivating this growth mindset since childhood
through family, teachers and mentor support. Lastly, all love the CS world and feel like their
desire to be part of this community and knowledge base is because they love it and want to be
there.
Commonalities and Differences (Research Question 3)
In this section, I provide a summary of commonalities and differences, I continue to use
their voices through their journal entries and interviews, intertwined with my analysis through
researcher journals, codes and sketches. Given the small population of participants, these finding
with respect to commonalities and differences are strictly limited to the three participants and
their personally shared experiences, see page 97 for Table 3. Summary of Question 3
Commonalities and Differences.
Commonalities
Throughout the research period, the participants shared their stories, important and
critical events and factors that impacted their educational pathways and pursuit of CS
undergraduate degrees. Thematic analysis was used to help explore the participant responses to
the research questions. In doing so, I referred back to the participants journals, interviews, my
researcher journal and sketches, which in turn produced emergent themes and their supportive
documentation to address the critical factors that impacted their interest and pursuit in CS
undergraduate studies.
All three participants – Grace, James and Nikola – reported that their introductions to CS
had lasting impacts on their educational pathways and started with male family members
exposing them to a facet of CS. They each shared their story of how the family role model(s)
helped to shape their interest and in turn pathway towards CS as an educational and career
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pathway. Grace reflected how her father made a lasting impact and helped ignite her passion for
CS, while James recounted his brother’s introduction to coding which in turn opened the world
of CS to him, and Nikola recounted how going with his brother and cousin to watch his first
computer ever be built provided the ignition of exploration, tinkering and an ultimate love of CS
and CSE. Grace and James both who attended middle school in the US credit middle school
teachers for helping them to see the relevancy of STEM. James specifically for his teachers in
helping him to overcome challenges in math that enabled him to be successful in STEM and CS
coursework further down his educational pathway. Nikola’s experiences were a bit different
having received K-8 education in Asia where there are strong cultural pressures to do well in
school. He noted however, that upon coming to the US and having a strong math background, his
teachers listened and supported him as he expressed knowledge and proved mastery of the topics
being taught. This enabled him, with support from his teachers to accelerate his learning in math
and subsequently science to many AP courses prior to high school graduation. Lastly, each
participant expressed a true and genuine interest in CS – You have to want it. Grace shared how
this path was exactly what she wanted and even with a few hiccups along the way, she’s here and
loving it. Cyber lets her be the superhero in her own right. James shared that he struggled with
what he really wanted to do towards the end of high school, community college and in the
military, but once he saw how cool it was to code, he fell in love and has developed deep roots in
the CS community. And lastly, Nikola who intrinsically knew that in order to be good at
something you have to want to be there and have the passion for it – CS will help him make a
positive difference in the world.
Five major and two sub-themes were identified as commonalities across at least two
participants during the interviews and review of journals. The major themes were family role
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model, good teachers, you have to want it, growth mindset and sense of belonging; while the
sub-themes included like to see code work and stress/stress management. Table 4 briefly
addresses each participants commonality in their words.
Table 4. Commonality Factors
Factor
Psychological –
Emotional
Investment

Theme
Sense of
Belonging
Growth
Mindset

You Have
to Want It

Participant
•
•
•
•
•
•
•
•
•

Academic/Attitude
– Emotional
Support

Good
Teachers

•
•
•

Personal/ Home –
Emotional Family
Support

Family Role
Model

•
•
•

Grace – I have built a home
James – I feel like I belong in the CS Community
Nikola – I feel that I fit in the CS Community
Grace – You have to do it again and that’s OK
James – I did that. What else can I do?
Nikola – While struggling, I felt great feelings of accomplishment
when I finished
Grace – You get to be the person that brings about that magic and
wonder
James – I’m in it because I’m interested in it
Nikola – You need to pursue your interest… if you don’t have
passion, you may not perform really good at it
Grace – I really did. I was super blessed. I think I got the pick of
the draw as far as anyone could ask.
James - He literally stood in the middle of my road, my journey and
was like you’re going to stop and going to learn this
Nikola – So I told my teacher I learned all the materials, so my
teacher understand that and she gave me a test and said that if I can
finish…I can proceed to the next level, so I complete that test
pretty good.
Grace – Yea, it was definitely because of my Dad
James – He [middle brother] showed me how to code and got me
into really coding
Nikola
o I loved helping my grandpa fixing electronic
o Tinkering with the computer that his grandfather and
cousin took him to get built – Yeah, that definitely
impacted me in what I am right now

Personal/Home – Emotional Family Support – Family Role Model. All three
participants shared how a male relative impacted their awareness and in turn fueled the flame of
their interest in CS. Grace’s grandfather, father and brother all showed her how CS worked and
encouraged her on her informal (i.e., fixing family phones, computers) and formal course
pursuits of CS. James always say his middle brother ‘playing’ with his computer but it was not
until his brother showed him how coding worked later in life that the ‘ah-ha’ moment happened
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for James. This turning point enabled James to see a path for what he wanted to do with his life
and the necessary focus to pursue CS post military enlistment. While Nikola’s grandfather
helped him to see the joy in building things, which Nikola carries through today in his love of
seeing the code work. Nikola’s mom was present from a distance across continents to provide
emotional support for him while he struggled with major challenges in his middle school years.
She continues to provide the emotional support and role model for success in his life. In addition,
Nikola’s grandfather, along with his grandmother, provided him the stability he so desperately
needed in a very challenging time of his life. Without these role models, Grace, James and
Nikola may not have found the support and interest in CS at the critical points in each of their
lives.
Academic/Attitude- Emotional Support – Good Teachers. We often hear that teachers
make a difference in the classroom and often long-term in a student’s life. Through the stories
that Grace, James and Nikola reflected upon, these good teachers that came across their life
paths, helped to make a difference in their love, understanding and pursuit of CS. Grace shared
that she felt like she had the best tech and CS teachers. Teachers that encouraged her to explore,
learn, fail and repeat until success was achieved. Furthermore, she reflected that through these
teachers and the classrooms and clubs they supported she felt a sense of community that enabled
her to continue pushing the boundaries and in turn build that passion she has for CS. James
firmly believes that if not for his middle school math teacher he would not have been on the path
he is today. His middle school math teacher saw a child who was struggling with math and took
the time and effort to help him repair past math challenges and misunderstandings. Having this
teacher for two years in a row, was life changing for James and something that he attributes as
part of his success in CS. Nikola had teachers who listened to a new to the US, English language
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learner student when he said he knew the math content. These teachers enabled him to test
through the content to get to a place where he could learn and be challenged. This continued
throughout high school with Nikola pushing and asking for more and harder courses, sometimes
as the only student enrolled in a ‘independent-study’ type course with a teacher acting as an
advisor. These teachers made the difference for Grace, James and Nikola.
Psychological – Emotional Investment – sense of belonging, growth mindset and
desire (you have to want it). Within the psychological factor, there were three sub-factors that
rose as emergent – sense of belonging, growth mindset and desire. All three participants shared
that within the CS community they feel they belong. Grace shared that as she reflected back, she
realized how much of what she did and loved along her path was a result of her engagement and
love of CS – she found her tribe and her way to express herself in CS (tech/cyber). James shared
that in the CS community he feels like he could talk to anyone about anything, he loves to learn
and share about CS. And Nikola sees the connection between his values of hard-work and
commitment merging with the desire to use technology to make the world a better place (from
cell phones, to internet, to technology for exploration and human support) that makes him feel
like the CS world is where he best fits. There is a fire that burns in each of these three
participants with a love of CS and the fields they are pursuing. All three use this desire to push
through hard times in university topics and drive to learning and excelling.
Overall, these three participants have overcome and thrived in their continued pursuit and
success in CS undergraduate studies. The families helped to nurture and expose them to CS and
have helped to provide the foundation for success, much like the good teachers they encountered
along the way in their educational paths, and all three have a demonstrated desire and
commitment to success in their CS educational pursuit.
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Like to see code work. James and Nikola both shared a love of seeing code work during
our conversations and in journal submissions. From early childhood stories of playing with toys,
to building with family members, to today the joy of seeing something tangible happen from a
successful code operation.
James. James talked about his early days, going all the way back to Kindergarten. He
recalled how playing with blocks helped him to feel comfortable on those first few days of
school. He shared how in his free time, as a young boy, he would go outside and build things
with sticks, rocks, or whatever he could find and use his imagination to take those items and turn
them into his imaginary world, such as using rocks to make space craft and the sticks as lasers to
shoot at them. For him, having this hands-on experience enables his mind to really grasp the
concept. Today, James still enjoys building and seeing things work.
I know my brain works like this. I need to see something done or kind of, I’m visual. I'm
very visual learner. I need to see things I need to mess with it. So, I can get it in my head.
So, what draws me to it, I'm not a hundred percent sure. I just like building things. I can't
tell you where it comes from. I know that I, if I could I want to build my own house or
build my own bench workbench or anything. I can build things. I'd love to build that. I
don't know where that drive necessarily comes from.
When asked to reflect on his seeing his code work in a program or project, James said
I get excited about the idea, and I feel accomplished and excited afterwards, even if I use
it or not. But I definitely feel accomplished like I'm a badass.
Nikola. Nikola, similarly, spoke fondly of building things in his youth. He recalled time
spent with his grandfather repairing electronics and learning to use tools. He also shared that
when in elementary school, classes like sewing where he could have hands-on were really
enjoyable for him. Nikola was taking a robotics course at the time he started in the research
project and he often referred to the course and seeing the progress his robot was making through

102

the various code creations and manipulations he was making. These conversations where he
shared his progress and seeing the tangible outcome were often the most energetic and excited, I
saw Nikola.
I took this course because its name is controlled mobile robot and I really like robotics.
So, 1 part I take this course is kind of just for fun and to see how the robot will perform
and how my code will perform on the actually physical robot. So I feel like for my other
programming courses we just program on the computer and then I feel like, for me, I’m
pretty much I’m a learner like I had to see something in front of my eye and if I can trial
and error if I can see it then I will pretty much learn more about it.
I have what a lot of interest in the hand on side, I like to do the labs and I like to do, to
see how the code will impact the software and the hardware to produce useful things.
Both James and Nikola expressed the excitement of seeing CS come to life through
seeing and doing, especially in having the hands-on component through their various
experiences.
Stress/stress management. Stress and in turn stress management was something that all
three participants discussed at various points throughout our interviews or in their journals. Two
of the participants shared how stress can sometimes be beneficial to inhibiting procrastination
tendencies, and all shared their methods for handling stress that arises in their lives as a result of
either personal and/or academic stressors.
Grace. Grace shared that for her, a little bit of stress helps her to stay focused and on
track. The stress and pressure caused by looming deadlines helps her to not procrastinate and get
her work done. She further acknowledged that if she procrastinates too long, that instead of
having the stress as a beneficial component in her life, then it because negative and causes her to
freeze up.
I can't focus for the life of me unless I have at least a little bit of stress that's like pushing
at me - do the thing do this thing. But once I get to like the opposite end of the spectrum
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where it's I've procrastinated too much and there's an entire set of projects that I have to
do. I'll like – freeze up.
To handle the stressors that Grace encounters in her life, she relies on friends or setting
benchmarks for herself. For the benchmarks, Grace will set timers or checkpoints for herself that
she has to meet before she can do something she enjoys, like watching a YouTube video or
reading book. She recalled how having friends help support her or just be present enables her to
feel a sense of calm and focus on the task. In addition, leaning on friends helps her to stay
accountable, for example using study groups or scheduled meetups as accountability meetings.
We would sit down we wouldn't talk at all, but we work on our homework. that's like the
whole thing that we would do because it just helped to have someone else present to feel
like you're getting something accomplished and you're getting to see someone else
accomplished. It's just that you're in that work environment. And so, if you get distracted
you feel bad and you stay focused.
James. James having already been outside of the academic world and having military
experience puts a great deal of pressure on himself to do well in school and stay focused. As part
of this pressure, the stress of getting good grades, of knowing how important a good education is
to a career pathway seemed to weigh a bit heavier on him than the other participants. He shared
that through this stress of academic and personal that he uses several techniques to help him
manage, including music, running, cooking, anything really to help him divert his attention away
from the stressor. This diversion enables him to calm down and refocus.
Directing my attention somewhere else and not focusing in on the thing that’s getting
under my skin. It’s not easy. I'm not saying I'm perfect and I can do it anytime.
Nikola. Nikola’s too shared that stress from personal and school is something that has, at
times, been a challenge for him. He went on to share, that he grew up learning not to talk about
the stress or to seek help from the stress, because culturally it was something that should not be
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discussed. Nikola further went on to share that through some pressures and stresses that he and
his mother have endured over their life, that reflecting back to those puts some of the current life
stressors into perspective.
I see pressure as both because I see all kinds of different people say you should not have
too much pressure, if you have too much, you’ll get psychological issues. However, I see
other aspect of pressure and my mom and I talked the other day – she said it’s because of
pressure she’s been able to achieve things she’s been able to do so far – it’s pressure she
left [my home country], it’s because of pressure she’s hard working and earned the
money to move to FL and resettle down and everything we have right now is because of
the pressure she had.
Nikola recognized that pressure and stress are a normal part of life and something to be
overcome, in addition he was keenly aware of how too much stress if not controlled can cause
psychological and physical damage. As such, he shared that he manages his stress through
exercise, music – listening, playing the piano and karaoke, as well as reading. Through using
these methods as a way to handle the stress he’s feeling, he is able to refocus and have the energy
to get back to work.
While all three participants view and handle stress differently. The fact is that they each
have taken the time to recognize how stress impacts them personally on a psychological,
physical and emotional level and have found ways to cope that enable them to be successful in
their personal lives and educational pathways and pursuit of CS undergraduate degrees.
Differences
Similar to the commonalities, within the conversations in interviews and journals,
differences between educational pathways and critical SCCT factors emerged within the
participants stories. In this section, I address the major differences that emerged.
Three sub-themes of differences between participants emerged throughout the research
that shed light on how each participant’s individual views, experiences and educational pathways
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were developed. The concept of gender within the CS realm was discussed by both Grace and
James. Grace, as the gender minority within her field, was aware of her gender and how it could
sometimes impact or be a point of differentiation within her field and amongst her peers. She
notes that, in many cases she is free to just feel comfortable in her environment and many times
does not feel treated differently because she is a female. She also struggled with how to see or
behave in environments with other females that are either more gender equal or when faced with
another female in her comfort zone. Her reflection and realization of not wanting to be
exclusionary and how to be secure in her skills without letting the feelings of imposter syndrome
or as if she was not supporting her gender were threads that emerged throughout our
conversations. James on the other hand, was very also aware of gender inequality in
representation within CS; however, his perspective was that ability to perform should be the
driving factor and that gender or other diversity elements should not be driving factors. He came
from this perspective that within his upbringing and in the military, one’s background was not
the factor but one’s grit, determination and performance is what propelled someone forward for
promotions. James did reflect that he understands why affinity and diversity conferences or
supports for underrepresented groups within CS are necessary but does feel the sting at times of
being the one excluded in those events or opportunities. Grace was the only participant who had
service before self as a driving differentiating factor. Her drives to help, to protect, to take care of
all stem from this facet of her family background (grandfather’s ministry and father’s military
career). Through her application of this concept, Grace drives towards always helping others
across the boundaries of her personal relationships, as well as academic and work environments.
This is a mixed factor for Grace in that she in her core wants and needs to be helpful, though she
recognizes that at times this can be dangerous in that she may put on a show to make someone
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else happy. Lastly, all three participants had varied work experiences (volunteer and paid). These
experiences in turn impact their perspectives of the future of their work, as well as what technical
and soft skills they currently have strong mastery of and which ones they have additional
opportunity to continue to refine.
Gender.
Grace. Grace was the only female participant, some of her conversation addressed
feelings of imposter syndrome, feeling more comfortable with the boys and sometimes feeling
almost as if she was a gender traitor for views on females in CS and tech. We talked a lot about
what it is like to often being the only, or one of the only girls in the classroom. Grace shared that
she did not really notice it much in middle school but as she got older and into more classes, it
was something she noticed. In many cases, she feels like her classmates and teachers treat her
like just another student but has had those instances where she has felt like she has been treated
like a “girl”, in a sub-par way to her male counterparts. Grace relayed a few stories to help flush
out these feelings
It's just that tech seems to be a field that more guys go into, the same for engineering.
You see a whole bunch of guys in the engineering department and you see like a couple
girls spotted around here and there. And so, you kind of just get used to it. Like I didn't
realize how used to it I was until I had a business class for my major with a whole bunch
of girls and I had that culture shock like we talked about.
I guess it's easy even as a girl to get pulled into the ideal of life kind of not necessarily
always being as kind to other girls in groups where there aren't really many of us.
Because I guess we get kind of used to being alone. There were like, what are you doing
here? This is strange.
We went on to talk about how that feels to be the only girl and how sometimes that in
turn makes you think differently about yourself and other girls. This brought us to exploring
Marianne Cooper’s article Why Women (Sometimes) Don’t Help Other Women (2016). This led
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Grace to reflect on two scenarios. The first, was a remembrance of a conversation held amongst
some of her friends in the dorms about gender equality in CS programming at another school.
One of the boys was talking about how the only way this school they were talking about could
have 50/50 male/female ratio is if the school accepted all the girls not just the good CS girls.
Grace recalled how one of her roommates was really offended by the comment and how she
agreed with the boy’s comments based on her experiences with females being interested and just
looking around the campus at the broader CS-Engineering-Technology programming enrollment.
This made her feel a bit like a gender traitor; while at the same time also posing concern in her
mind of whether jobs, she gets now and in the future are because of her gender or because of her
skills and capabilities.
And then once I got there, they were like it’s a girl in STEM and you really should be
doing this, this will be great. And to some degree, I started feeling like I’m doing my
stuff and I’m trying really hard but sometimes there’s that worry of am I an affirmative
action hire – am I here because I’m a girl and they needed girls or am I here because I’m
actually killing it?
The second remembrance Grace shared, was she is used to being one of the few females in a
classroom and having her pick of seats and of sitting next to her friends. She recalled one day
walking in and seeing another girl sitting in her seat talking to her friends and how this upset her.
She went on to take her seat back the next day in a display of dominance. Grace shared, that she
acknowledged this ‘queen bee’ behavior in herself in that environment, caught it and made an
effort to get to know the other girl and they are now friends.
I had a little bit of a jealousy moment this year when I walked into one of my classes and
it was the second day of class and someone had taken my seat and it was another girl
sitting there talking with all my friends and I was like I have been replaced. I have no
friends; they have left me for younger woman. And then the next day I stole my seat back
and she was like, oh I see how it is. And I was like, well, I was here first. She and I
became friends.
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Grace has a strong sense of autonomy, competence and connected/relatedness which really
drives her success within CS, regardless of the fact that she is in a male-dominated environment.
She is hopeful that as more girls come into CS that we will see a gradual build toward equality in
the field and gender conversations will not be necessary – the people who are in the classes or at
work will be there because they love CS and are good at it.
James. James and I talked a lot about gender and diversity within CS. Having come from
the military, James recalled how gender was not a factor in job assignments or promotions, it was
test scores and performance. He does not see a difference in a male or a female coder and
mentioned how he sees in his environment really good male and female coders.
I don't see difference. I mean, there's some really gung-ho females that are really good
coders and they're very logical and I see males that are super logical. What I’ve witnessed
is a lot of people coming together and help each other out. In my experience in college,
like this is our core group specifically, there’s 2 females and 2 males, and we help each
other out. And there was even cultural differences. So, I view it really positively, I think
that is great to bring different perspectives or ideas different people to different situations.
I think that whoever can do the job should do it. I don’t think that’s there’s really any
difference.
James shared that for conferences like Grace Hopper, while he is glad his female counterparts
can attend and have the resources and support, he says it sometimes feels weird seeing
programming geared towards one gender and not inclusive. James comes very much from a
perspective of diversity – of experiences and thought – and that within a company it should not
just be about the gender or racial diversity but thought diversity as well to drive company
success.
Summary. The gender conversations between Grace and James were something that
really hit home to me as a researcher and a woman who’s studied and worked in predominately
male environments. I can relate to Grace and her thoughts of being one of the few females in the
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room, to sometimes feeling like a gender traitor for agreeing with a male perspective about
gender parity in the field. I was pleasantly surprised to hear that some things have changed, and
the strength Grace has garnered from teachers who helped to create a welcoming space and such
a strong sense of belonging within her field. I was saddened to hear that in some instances that
the same conversations continue to persist about girls not belonging or some girls getting into
programs/positions is solely because of gender, not merit. I can also see from James’s
perspective as well, in that in order for everyone to be able to work well together, it should be a
more inclusive environment. I think that’s why while my recommendations in the next chapter
focused on targeted efforts for underrepresented minorities in STEM, like girls, I do not feel that
is should be an all or nothing effort – we need everyone in STEM and in CS and need them to all
work together cohesively for those changes in the world we know CS can help achieve.
Service before self.
Grace. Grace came from military background, specifically as an Air Force dependent.
Through our discussions, the concept of service before self, while not always called out by this
name, emerged. In the Air Force’s Core Values, Service Before Self is included – “An Airman’s
professional duties take precedence over personal desires. Every Airman is expected to have the
discipline to follow rules, exhibit self-control and possess respect for the beliefs, authority and
worth of others” (U.S. Air Force, n.d.). This exposure in her life to the core values was apparent
in our discussions about her pursuit and success in her CS educational pathway, and her life.
Grace’s grandfather was a pastor and her father a retired Air Force officer turned
government civilian. The concept of taking care of the broader group and the family were
embedded into Grace from an early age and has made her who she is today
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All of these factors worked together to make me into someone who is fairly self-assured,
working on the ability to deal with failure, always trying to be better, and always wanting
to take care of others.
This desire to help others and to belong shines through in Grace’s education. She
reflected on how in high school, many of her extracurricular’s were the result of her technology
skills and her ability to provide a service or support a team/group. And following on the same
concept, as she came to university, Grace acknowledged that she may not be the smartest person
in the room but she is able to leverage the support from a person who ‘gets it’ to not only support
her knowledge but to also translate and support others in her class. She takes on a natural role of
interpreter.
There will always be someone smarter than me. However, that means I have something to
strive towards and can act as the middleman between the people who know everything
about the technology and those who are trying to learn about it.
As the years have gone on, I have continued to ponder where exactly I fit into the
academic and working world of technology. The one thing that I seem to keep coming
back to is being the interpreter.
Grace takes on this helping role not only in the classroom with her classmates/peers, but
also with her friends and family. With her friends, she reports working to help others when they
are going through a hard time, as well as helping her siblings (mostly through the interpreter
role) in family situations. When we were talking about some of the challenges she’s seen in the
classroom or in her working experience, Grace projected forward on her thoughts about how she
might behave or react. She commented on how, even if faced with a challenging situation at
work, like some of the negative environments you sometimes seen reported in the media, or that
she’s already seen, she’ll change how she reacts to things in order to be, do, or support someone
in what they need at that time.
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And If I have one friend that I have to make it better for I will and I will do everything
that I can in, like be a goofy person if that's needed, but that doesn't always happen
naturally just because I want it to. A lot of times I get to be fun and Goofy not because
I'm feeling it necessarily or I want to be but because I feel like that's what someone else
needs.
This helping in her personal life with her friends, her family and in her classes also transitions to
her love of cyber and her dreams towards the future. When asked what about cyber allows her to
help people, Grace shared
It allows me to help protect others. It puts me in a position where I can figure out what's
going on and fix issues… You have to want to help people in tech.
Work Experience- Volunteering, Internships and Jobs.
Grace. Grace has volunteered and worked off and on throughout her life, from her first
jobs at places like the local grocery story and a holiday store to today where she is interning at a
small cyber firm. In addition, Grace volunteered in her community, church and as part of her
engagement with the Girl Scouts. She reflected back on many of her volunteer opportunities and
jobs, noting how the skills garnered in them have helped her in developing her soft skills, and
now in her internship both technical and soft skills. She does wish though, that she had broader
exposure to the working world and questions herself as to how her skills may transfer from the
smaller, more laid-back environments she has been in so far. As Grace looks to the future, she
envisions herself moving from a smaller company to a larger company where she can continue to
use her skills in CS and tech to help people.
James. James served in the military for nearly seven years before returning to university,
which he attended using the GI Bill. His experiences garnered during this time; he believes will
help him better connect with his job after graduation at a defense contractor. While in university,
James had a few jobs, like lifeguarding and working at a local store. He shared that while
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working was something he sometimes enjoyed in those roles, his focus was on his education and
when his part-time jobs impacted or did not provide the time needed for him to study and feel
confident in his educational time commitments, he would leave the job. James shared that
working was something that was important to him while in school, however, school was his
priority. James graduated as we were completing the final interview and he shared that as he
prepares to move to a new city, to start his first job after graduation he is excited to combine his
military experience, his education and his love of CS into his new role.
Nikola. Nikola volunteered quite a bit in high school and in university. Most of his
volunteering has been centered around STEM engagement, from tutoring to volunteering to
support Odyssey of the Mind, to volunteering with his group while on his semester abroad. In
addition, Nikola loves cats and has volunteered in the past at a local animal shelter, acting as the
manager to support cat adoptions. Nikola reflected how the skills he has gained in his
volunteerism are skills that he sees as valuable to support potential future internships or full-time
employment post-graduation. He also shared that he knows soft skills are very important,
particularly presentation skills and communication, both of which he continued to refine not only
through his volunteerism but also through his engagement in his core courses and honors college.
Nikola, as he prepares to enter his senior year of university hopes to find an internship, if
COVID restrictions lessen. Upon graduation, Nikola has interest in pursuing opportunities in CS
with small companies to start in video game development or CS security in financials and ideally
in the long-term move to a larger company like Google, Apple, Chase or Wells Fargo.
Summary. Work experience, which includes volunteerism and paid positions, helps to
build soft and technical skills. All three participants have varying levels of experience gained
throughout their lives. The different experiences and in turn perspectives of how these
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experiences were and can shape their future was of interest. Grace, having come from a
privileged environment, shared how she felt about using her network to gain employment or
experience opportunities. This coupled with earlier conversation about her femaleness in tech left
her wondering how much is because of her ability instead of her gender or her connections. She,
of the two traditional pathway (high school direct to university) participants had the most
experience, volunteerism and paid, at the current juncture of her educational pathway. Nikola,
the other participant who was also more of the traditional pathway had more volunteerism
experience but limited paid work experience. He was keenly aware that he wanted to change this
and had been looking for internships for the coming summer before COVID impacted his search.
Nikola was by far the most strategic in leveraging his volunteer opportunities to help him build
his soft skills, specifically presentation and communication. James, having had the benefit of
hindsight in seeing how skills are applied and needed in a working environment through his
active-duty time, often reflected on how the military helped to shape him into having both strong
technical and soft skills that would help him succeed in university and beyond in his career postgraduation.
Summary
Five themes emerged across the three research questions – sense of belonging, family
role model, you have to want it, good teachers and growth mindset. These five emergent themes
cut across all of the participants and in turn were the driving factors and impacts on their pursuit
and current success in a CS educational and ultimately career pathway. When Grace, James and
Nikola reflected on their respective early childhood to present experiences, they relayed that at
least one male relative family role model was important to their success (personal/home). From
Grace’s dad, grandfather and brothers to James’s middle brother to Nikola’s grandfather and
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cousin. These men in their lives helped to share the excitement of CS and pave the way for CS
educational pursuits. Good teachers were also an important part not only of the timeline
reflection but the academic factors within the SCCT focus for all three participants. All three had
teachers who supported and pushed them along (academic/attitude). Grace had teachers who
made her feel welcome in the tech classroom, James had a teacher who pushed until he got the
math, and Nikola had teachers who enabled him to pursue math and science courses about his
grade level and through independent study. Grace, James and Nikola all shared that having a
growth mindset (psychological) is part of the secret sauce that helps them to succeed in CS.
Grace commented that learning to keep going after failure and that everyone struggles was
important for her and something, she wants incoming students to know, while James and Nikola
both shared that the sense of accomplishment after conquering something challenging makes
them feel like they can take on harder challenges. There was a sense of belonging
(psychological) that Grace, James and Nikola addressed in our conversations and journals. They
feel they fit and belong within the CS community; it is their home and where they report feeling
like they belong. Furthermore, Grace, James and Nikola shared that some of want to be in CS
(you have to want it), beyond just feeling comfortable and belonging. Grace shared that she likes
knowing she has the skills to help, while James knows this is where he wants to be and grow
himself, and Nikola that his passion in turn helps him to perform well. Lastly, there were
commonalities and differences reported amongst the three participants as they reflected on their
timelines and pathways to date. This was to be expected as all three came from different
background, cultures and experiences and thus had varying reciprocal reactions and influences
between their personal/home, academic/attitude and psychological factors. The successful
components, such as overcoming math difficulties, not always feeling included or having big
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challenges in one’s life, give hope that, regardless of a person’s individual characteristics or
backgrounds success in a CS educational pathway is possible.
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Chapter 5: Discussion, Conclusions, and Implications
Throughout this study, my primary goal was to explore the educational pathways and
SCCT factors of current undergraduate CS students through the perspectives of the male and
female participants. Three participants participated in this study, sharing their personal, home,
academic, attitude and psychological factors, as well as sharing their timelines from early
education (kindergarten) to their current junior and/or senior undergraduate status at the
university. In this chapter, I make meaning of the key findings throughout this research. This
chapter is broken into several sections in order to show the progression of meaning making to
implications for policy, practice and research, guidance to future students and final reflections.
Social Cognitive Career Theory (SCCT), with support from Self-Determinant Theory and
Triatic Reciprocal Model are the basis of the theoretical framework for this study and in the
interpretation of the results. The concept of Social Cognitive Career Theory, as posited by Lent,
Brown and Hackett (2000) states that people develop and pursue interests in activities that they
see themselves as successful in, and that have positive future outcomes for themselves as a result
of pursuing the activity. For the purpose of this study, it was assumed that students pursuing
computer science see themselves as competent in CS and envision a future career utilizing CS in
a CS field.
Researchers have demonstrated that SCCT can be used to explore students CS choice
behaviors in educational pathways, as well as a lens to explore gender differences (Fouad &
Santana, 2017). While still minimal, much of the previous research has focused its attention on
students in higher education and their career path interests (Wang, 2013a). SCCT takes into
consideration multiple factors to construct relationships leading to stronger relevant connections
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for a student’s educational pathway choice (Wang, 2013a). To this end, SCCT’s model is
comprised of five categories: individual characteristics, family influences, structural academic
barriers, social perceptions, and psychological factors. For the purpose of the proposed study, the
five categories were regrouped into three major areas, aligning closely to the Triatic Reciprocal
Model, so that a person’s educational pathways of career interests and pursuits can be explored
and better understood: “[1. personal/home] individual characteristics… and family influences…,
[2. academic and attitude] structural [academic] barriers in middle and high school… and social
perceptions [of STEM careers] …, and [3] psychological factors” (Fouad & Santana, 2017, p.
26). I chose to group these five categories into three groups because I felt that there are
overlapping connections, matching closed with the Bandura’s three categories within the Triatic
Reciprocal Model (personal – personal/home, environmental – academic/attitude, behavioral –
psychological) (Cherry, 2020; Tademy & Clark, 2008). Family influences, such as family
perceptions and expectations are based not only on the individual characteristics but also family
culture and norms. Grouping structural academic barriers and social perceptions of STEM
careers also made sense to me in that exposure to STEM coursework occurs in school (or lack
thereof in the case of barriers) but also that perception of who belongs and classroom
environments impact a student’s perceptions of the field. Lastly, I left psychological factors on
its own, because it is a student’s psychology and how they perceive themselves. Within the
psychological factors, I applied a sub-theoretical framework of Self-Determination Theory.
Case studies, due to their nature require triangulation (Janesick, 2016b). To address these
issues, I used multiple data collection methods including journal, interviews, thematic analysis of
narrative, researcher drawing and researcher journaling, as well as member-checking with
participants (Janesick, 2016a; Janesick, 2016b; Kara, 2017). After every interaction with a
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participant, I shared the transcript for participant review and confirmation of their message. I did
the same with the sketch of each participant, sharing the image and asking them if they felt I
captured them in the drawing. Any edits requested by the participant were included. This in turn,
helped strengthen the study’s credibility through the write-up of the findings that address the
guiding research questions and how they are reflected in the data analysis and findings (White &
Marsh, 2006). In addition, I have provided appendices containing the coding’s, justification for
coding, etc. (White & Marsh, 2006). Lastly, the authenticity of the study, throughout the process
from design to analysis, as well as the voices of all the participants is supported through clear
and open conversation with the reader regarding the research steps, histories of the researcher
and participants, and analysis process (Billups, n.d.).
Findings Discussion
Five themes across the three groups (personal/home, academic/attitude, and
psychological) were identified connecting the three participants educational pathways to and
within CS as summarized in Table 5 on page 120.
Participants timelines and alignment to SCCT
The participants timelines were all unique to themselves. It is interesting to note that none
of the participants reported anything remarkable for early education/elementary school CS
impact across any of the factors or of personal note to themselves. This conflicts with some
research that suggest early education, in elementary school, and exposure is important. However,
their family influences were very important not only in the early years, but throughout their lives
in general support and as in role models in CS. The middle school and high school time period
exposure is more in line with expectations for CS exposure and impact. However, the
extracurricular exposure in middle, high and university also indicate that where one chooses to
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spend their discretionary time can be a strong indicator, and reinforcer, to success in one’s
educational pathway.
Table 5. Summary of Themes
Emergent Theme
Family Role Model

Grace
It was definitely
because of my dad

James
He showed me how
to code… and got me
into really coding

Sense of Belonging
(SDT:
Connected/Related)
Growth Mindset
(SDT: Competency)

I have built a home

I feel like I belong in
the CS Community

You have to do it
again and that’s OK

I did that! What else
can I do?

Good Teachers

I got the pick of the
draw

He was like you’re
going to stop and
going to learn this

You have to want it
(SDT: Autonomy)

You get to be the
person that brings
about the magic and
wonder

I’m in it because I’m
interested in it

Nikola
That definitely
impacted me in what
I am right now
[grandfather, cousin –
computer build]
I feel that I fit in the
CS community
While struggling, I
felt great feelings of
accomplishment
when I finished
I told my teacher…
she gave me the test...
I can proceed to the
next level, so I
completed that test
pretty good
You need to pursue
your interest… if you
don’t have passion,
you may not perform
really good at it

Personal/Home – Emotional Family Support.
Family role model. “Parents influence their children’s academic motivation,
achievement, and educational and career interests through the home environments they create,
the values they endorse, and the experiences they provide” (Wang & Degol, 2013, p. 315).
In the context of male relatives for Grace and James and his grandfather and mother for Nikola,
this was seen throughout the three participants as they shared their timelines and stories. Each of
the participants had at least 1 parent who helped propel their child through school and provided
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the support needed, confirming Wang & Degol’s (2013) position that parent influence their
children’s educational and career interests and in turn pathways through the home environment.
In the findings, a family role model was just as important in the pursuit of CS; with both Nikola
and James being impacted in their interest in hands-on and in turn CS through family role
models. It was interesting to me, that while parental support, specifically maternal parental
support, was noted as a factor that positively impacted student’s math and science expectations
(Fouad & Santana, 2017; Wang, 2013a), it was the males in the families of the participants who
were most impactful on the CS pathways. My findings suggest that this could be as simple as a
numbers game, with less women and in turn less moms, sisters, female family role models to
help propel young women into CS. It was very interesting to me that Grace’s sister, who had the
exact same environment and upbringing had polar opposite interests, something worth additional
research and exploration. This could be due to Grace spending more time with the men/boys in
her family and her sister spending more time with the women/girls. Nikola’s mother seemed to
be the most influential mother in the stories relayed, possible due to cultural impacts (Asian) or
simply a by-product of both he and his mom living half a world away from the rest of their
family.
Academic/Attitude – Emotional Support.
Good teacher. The middle school and high school years are often referred to as
influential times in student’s development of interests and early academic and career path
focuses. It is during this time frame, where students start to explore their interests and take
courses that set the foundation for future educational and career pursuits and feelings in classes
(Fouad & Santana, 2017; Wang, 2013b). Within the study, all three participants relayed the
important of teachers in their pathway. From James who shared he would not have made it this
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far if not for his middle school math teacher who pushed him to learn (and love) math supporting
Tinto’s (2017) argument that early intervention for struggling students helps to keep them
motivated and persisting, to Grace who had teachers who made her feel good about her tech
skills and that she belonged supporting findings that teachers and family members who subscribe
or prescribe gender norms create more open and inviting learning environments for girls (Wang
& Degol, 2013; Hill et al. 2010; Ornes, 2018), to Nikola whose teachers listened to him and
supported him in his advocacy for pushing his learning forward. These strong academic
environments and supports were relayed by all participants as being highly influential in their
success and ability to traverse further along their academic pathway in CS (or fundamental
courses to prepare for CS).
Psychological – Emotional Investment.
Psychological factors such as attitude, motivation, self-efficacy, stereotype threat,
outcome expectancy, and sense of belonging, are impactful in a person’s pursuit of academics
and career choice (Fouad & Santana, 2017; Tinto, 2017). Three concepts related to these
psychological factors emerged as findings – sense of belonging (connected/related), growth
mindset (competency) and you have to want it (autonomy).
CS coursework can be challenging at times, pushing students into the need to debug and
solve problems that may not have a set answer. These challenges, the three participants shared,
were opportunities for them to expand their CS knowledge and grow their problem-solving
abilities. As such, having a growth mindset, was a common reported trait amongst Grace, James
and Nikola. They shared how knowing that a solution or code might not be correct on the first try
and that you may need to do it again was common in their internal thoughts/reactions. They also
addressed that technology changes frequently, so having an understanding that everything is
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constantly in a state of improvement and edit helped to make the changes and need to iterate on a
solution easier and more bearable. In addition, James and Nikola both shared that having those
really hard, almost impossible tasks when completed successfully provided a sense of
accomplishment (feeling of competency), as well as helping to push their skills further in
wondering what else they could do (if they just did what they thought was almost unattainable or
very hard), all of which enables “intrinsic motivation to flourish and deeper learning to occur”
(Niemiec & Ryan, 2009, p. 136).
All three participants shared that they felt like they had a strong sense of belonging
(connectedness) in that they were part of and belonged within the broader CS community
aligning with the research, most specifically minorities in CS (Hill et al., 2010; Pollack et al.,
2006; Niemiec & Ryan, 2009). Grace shared that she felt like she had built a home in CS, while
both Nikola and James shared that they felt they fit/belonged in the CS community. This is huge
in the sense that the sense of belonging that had been solidified for these students has helped
them to navigate challenges and to look forward to the future educational and career
opportunities with a sense of excitement and community.
Lastly, interesting beyond the sense of community and growth mindset, was a common
desire and commitment to passion over money that the three participants shared, I refer to this as
you have to want it. Grace talked about how by using the CS and tech skills she has developed;
she is able to be the ‘superhero’ in the world helping to protect people in the cyber realm. While
James shared that he remembered in his middle and high school days being told to focus on
money as part of his career exploration so that he could pick a career that would support him in
the lifestyle he wanted. This was very much a turn-off for James and as he commented some of
his peers at university were there because of the financial reasons not the passion for CS. James
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said that while it took him a while to find his passion and his path, he was in CS because he is
interested in it and was looking forward to making his move into the workplace to be surrounded
by people who could talk CS with all the time. Lastly, Nikola who had grown up in his early
years in an educational system that defined students by their ranking and scores, which in turn
dictated which schools and possibly even which careers you could pursue. Coupling this with
Nikola seeing his mom not succeed at her dreams in education in their home country but also
being successful having taken a chance and come to US really impacted him. Nikola shared that
the only way he felt to be successful was to follow something you had passion for, that in turn
your passion would create (or grease) the pathway for your success in other areas, including
financially. All three have an internal perceived locus of causality with respect to their CS
studies and educational/career pathways whereby they are studying CS because doing so enables
them to enter a profession in which they can help change the world, in alignment with each of
their individual values and interests (Niemiec & Ryan, 2009).
Conclusions
My findings and emergent themes algin with much of the relevant literature. Students
early exposure is essential and most influential within family connections. Students need a sense
of belonging; and need to have educational experiences and strong foundations in STEM core
disciplines in order to be successful and progress through more technically oriented educational
pathways. My most noteworthy finding was the influence of the male family role model as the
catalyst towards interest in CS. This was a deviation from expected influence of mother’s
influence on children’s academic success. Though I believe some of this may be related to the
parental generation’s ratio of male: female in CS or technically savviness. It does lead me to
question, how will future generations whose women are increasingly more represented in the CS
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and tech world, be influenced – will it still be a male role model or just a role model in CS?
Additionally, noteworthy, was the concept of personal interest being influenced not by
controllable factors such as environment, educational opportunities, early exposure, etc., but
being solely an area of interest for someone. Grace and her sister had practically similar
upbringings, being only a few years apart, having the same parents, environment, and
opportunity for exposure. However, Grace clearly found herself enamored with CS and tech,
while her sister pursued more ‘girl’ endeavors like fashion and sorority engagement. This speaks
to personal interest in a way that was not explored within the relevant literature or this research.
Additionally, there was an expressed theme throughout that highlighted extracurricular (formal
and hobby) activities as a potential catalyst towards interest, success and longevity in the CS
educational pathway leading to university. While all of these factors and influences alone likely
would not have contributed to the same outcome, by being coupled together in the combination
that they were for each participant these interactions fueled their interests and pursuit within CS;
aligning to Bandura’s concepts within SCCT, the Triadic Reciprocal Model, and SDT.
Theoretical Contribution
The study contributes to a shared understanding of CS educational pathways using the
Social Cognitive Career Theory (SCCT) modified by integrating Self-Determination and Triadic
theories, which has not been explored in depth in pervious literature or studies within specific
focus on computer science. This modification of SCCT, to include Self-Determination and
Triadic theories together provided a more comprehensive aperture that was well suited for
informing the study and interpreting the results, Thereby, helping in developing a more
integrated understanding of the factors that contribute to persistence and pull-through within the
CS educational pathway, for both genders helping to achieve gender parity within the field. My
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findings aligned mostly to the three theories’ premises showcasing a strong alignment with the
concept that through feelings of interest and connectedness as well as competency within CS and
their perceived successful futures, these participants continued to pursue CS academic and career
pathways. Most notable in terms of alignment to the SCCT theory (as modified by the Triadic
theory categories), in my findings was the important and need in family influences, positive and
STEM exploratory middle school academic experiences, and psychological factors (which also
aligned to Self-Determination Theory) such as self-efficacy and growth mindset. I noticed two
slight deviations from the theoretical framework within the participants responses and data
analysis that require additional research to learn more. These two potential deviations from the
theoretical framework are the importance of a male (not maternal) family member in the pursuit
of CS and the differences in sibling’s education pathways even though they grew up in the same
household and had like influences and environments. The below research implications call for
changes in policy, practice and for more research into the findings reported here so we can better
understand how and why students pursue and persist in undergraduate CS education.
Research Implications
The three participants and I worked together to explore their respective educational
pathways and their commonalities and differences, as such I continue to tell their stories and
suggestions for improvement throughout this research and implication section. None of the three
participants are the ‘traditional’ CS undergraduate student, and with a small population of
participants the findings from this relay specific to their experiences, not the broader
undergraduate CS population nor to broad gender conversations. Albeit my discoveries do
provide valuable insight into the CS educational pathway and SCCT influential factors modified
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by the Triadic and Self-Determination theories, through the male and female participant stories.
These findings inform the implications and recommendations for future research.
Policy
Students across the nation should have exposure to computational thinking and Computer
Science principals as a normal, daily part of their K-12 experience. Recently, there has been
increased and mainstream focus on gender gaps in STEM across the pipeline and educational
pathway. In the US, the 2018 Building Blocks of STEM Act provides support for encouraging
young girls in CS (Ornes, 2018). Children in the US attend school, typically from Kindergarten
to 12th grade with access and exposure to the disciplines deemed appropriate by the government
(both federal and state). Early exposure to STEM is an essential component of increased interest
and post-high school enrollment in STEM programs and coursework (Hill et al., 2010).
Currently, some parts of our country only offer CS exposure to students in K-12 through elective
or gifted instruction (Alba, 2016; Gallop & Google, 2016). CS principles should be part of the
everyday curriculum, the same as English, Math, Science, History and Physical Education.
Opportunities to pursue specific CS tracks, such as coding or cyber for example, should be
accessible and required parts of the curriculum to students as they move from elementary into
middle and high school. Access to more formal CS focused career academies or more CS
clusters may also benefit students in having a richer experience within the discipline and related
topics that may lead towards CS focused pathways.
Today, the alignment to CS careers and the fundamentals necessary for enabling a diverse
student pipeline to access the educational pathway is not clear (Bathke, 2015; Code.org, 2016).
Common expectations and pathways or clusters of courses should be agreed upon and consistent
across local, state and national. In addition, standards and set expectations for student exposure
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and involvement in CS education, much the same as Common Core and Next Generation
Science Standards (or the deviated state standards that have been adopted) are necessary.
Additional provisions within Career and Technical Education policies, with increased
programming exposure and support at the K-12 level to support closing the skills gap in CS.
Broad exposure across the various fields and skillsets within CS during the formative years of
schooling, prior to post-secondary may help open the aperture for students’ awareness,
understanding and interest pathways for their near and not-so-near future endeavors.
Practice
K-12 interdisciplinary teacher preparation. CS core foundational principles and
computational thinking should be incorporated into daily practice across academic disciplines
within the K-12 environment. CS is integral in many aspects of today’s world, that by engaging
students in these disciplinary conversations and applications build relevancy and demystifies the
skills, field, and practitioners. I recommend that teachers in K-12 be provided training and
exposure to support the broad, interdisciplinary exposure of their students to CS principles. For
example, students in science can utilize databases and analytics to do research or apply in labs,
while they can also learn to report their findings using CS platforms such as web platforms or
creating new computer game to share the findings or key concepts with others. By enabling
teachers to feel comfortable in their own proficiency in CS disciplines, their ability to teach these
topics in both the pure form of CS and the application of CS principles, and in broader awareness
of CS education and career pathways supports the desire and need to increase gender and racial
parity in CS and to build relevancy (answering the ‘why is this important’ or ‘when am I ever
going to use this’).
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Afterschool programming. Afterschool activity through formal extracurricular
engagement or at-home hobby was demonstrated in this study to be influential in the pathways of
the participants. Providing a safe space for these activities in a organized setting with mentors,
peers, etc. could provide an area of focus for helping to broaden and deepen student interest and
competency in CS. I caution though, if implemented, a focused effort towards equitable access to
afterschool engagement.
Targeted efforts for girls. Girls should have equal exposure to CS and fundamental
building blocks to CS (i.e., computational thinking, math, science). Research has shown that girls
are strong performers in math and science in the early years (Aderoju, 2016); however, start to
self-select out of STEM fields along their educational pathways for varying factors, such as
stereotypes, prejudices and biases (Moule, 2007). I propose that there should be targeted
programming and interventions specific to girls to help support, nurture and keep engagement in
STEM and CS across the K-12 continuum.
CS undergraduate exposure to the ‘real world.’ Students in undergraduate CS
programming have limited and unequal access to understanding and experiencing CS
applications in the working world, ‘real world.’ All participants in this study referenced how they
wished they had more of these opportunities as they approach the end of their undergraduate
programming. In some cases, students are able to shadow at a university partner company, and
students are encouraged to pursue internships or co-ops. These experiences are common and not
every student in most universities is able to experience all of these opportunities. I recommend
that there should be a concerted effort to provide more opportunities for students to really
understand and get non-academic experience during their undergraduate CS education.
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Recommendations for Future Research
This section addresses the areas of future research that have been illuminated as I
conducted this study. This list represents my most prominent questions and areas of future
interest as a result of this study’s findings.
Investigate the impact of extracurricular CS engagement in middle and high school.
I recommend a similar study looking at the impact and factors that drive students to pursue
formal extracurricular CS programming, or at-home hobbies focused within CS, in middle and
high school. I recommend several studies (qualitative and quantitative) or a mixed methods study
to determine the impact of these afterschool activities. Additionally, I believe further research
should be conducted on broadening access and opportunity in extracurricular activities to all
students, with a look at how Social Economic Status (SES) impacts accessibility, sustainability,
exposure and efficacy.
Undergraduate Computer Science. This study looked at three participants, two males
and 1 female, all pursuing undergraduate CS degrees. Through these three participants, I was
able to get a much more in-depth understanding of their respective educational pathways and
factors. This is both a blessing and a curse of a small population qualitative study. I think
repeating the research with more participants would help to get a better understanding to see if
this study’s findings are representative of a broader group of CS undergraduates, perhaps even
across a broader geographical area. Additionally, I would like to expand another research study
beyond the binary concept of gender and get a better understanding of how or if gender roles and
gender identities impact pursuit and success in CS educational pathways.
Another area of research within the undergraduate area that I would like to pursue
addresses the concept of pressure to pursue CS for financial or employment stability. I think a
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longitudinal study following undergraduate students as they move through the first 5-10 years of
their career would be interesting. I suggest this study in a way to determine if career success or
sustainment is predictable based on primary interest in undergraduate degree pursuit.
Influence of role model on interest and persistence. I recommend additional research
to look into the impact of the role model’s influence on CS educational pathway pursuit. I think
it would be interesting to investigate the impact on students whose CS role model was male and
those whose CS role model was female and see the commonalities and differences. If differences
are found, I recommend additional factor analysis to determine the factors and subsequent
influences.
Sibling differences in educational pathways. Grace and her sister were both raised in
the same household with very similar upbrings, however one sister’s path is more ‘traditional
female’ and one’s less gender focused and more CS/Tech focused. Grace expressed times in her
life where her family both supported and celebrated her CS and tech skills, while at times
commenting on her deviation from her sister’s path of stereotypical girl. Additional research is
needed to determine what factors may influence siblings with like home and environmental
factors to pursue substantially different education and career pathways.
Investigate CS educational pathways, educational pathway factors and gender at
different educational levels. Undergraduate enrollment and success is a pathway and precursor
to CS employment. I recommend additional analysis, based on this research framework, with a
more robust sample of female and male students. In addition, I also recommend additional
analysis at both the high school and graduate level to see how and if these factors persist in
supporting educational pathways in CS, as well as if there are additional factors that pull through
between the level of academic maturity or are precursors to factors at the next academic level.
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Within the exploration of the middle and high school areas, I would recommend looking at
students who are in career clusters or career academies focused on CS and either comparing
against students who are not or in impact for pursuit from the clusters/academies into postsecondary academic choices.
Final Reflections
Guidance to Future Students
Throughout the conversations, a question emerged that was not part of the defined
exploratory research questions. This question of what guidance do you have, as a current
successful undergraduate in CS, for future students emerged after the first interview and first
journal. The timeline and reflection on the SCCT, Triadic and Self-Determination theory factors
provoked in each participant a reflection back on themselves and in turn naturally led to thoughts
towards the future for themselves, as well as future generations. I summarized the resultant
emergent themes.
CS Can Change the World. The participants all shared in that they believe CS can, will
and is changing the world. It is the ‘magic’ that helps computers and in turn our world work.
Explore until you find what in CS makes you happy. Everyone agreed that CS is very
broad and ranges from cyber to hardware to software to applications and so much more. The
conversation with each participant when discussing this piece of CS was that not everyone in CS
does everything, they find their happy place, their niche and that is what they chase as their
educational and career pathway.
Keep Trying. Like any field, practice makes perfect, and challenges arise throughout the
timeline that require persistence, determination, grit and passion. The three participants reflected
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on how important it was to keep trying when faced with learning new skills in the CS realm and
the rewards from doing so.
Anyone Can be a CS Person. The three participants were varied in terms of their
backgrounds, demographics and reasons behind what brought them to undergraduate study of CS
at the university. All however, reflected on how they believe that anyone could be a CS person,
and that the stereotypes often portrayed in media or other popular venues were not the full
picture, all are welcome in CS.
My final reflection.
Like so many other students who go through the grueling process of research and
dissertation writing, I find myself changed. I started this process to get a better understanding of
what CS students’ personal educational pathways were and how various SCCT factors impacted
them in their pursuit. And while I found some answers to these questions and developed many
more questions along the way, I find that I too have been changed in a profound way. This
process of exploring and talking with others about their paths, hardships, dreams, coupled with
impacts of COVID has changed how I look at STEM education and just how important family,
sense of belonging, and a genuine desire are to feeling of contentment and achieving success.
Exploring the educational pathways and SCCT factors, as modified by the Triadic and
Self-Determination theories, that influenced the three participants, their lives and paths came
alive to me (and I hope for you to as the reader). Through exploring these written and verbal
conversations, I discovered key factors and trends in their pathways that influenced their pursuit
of CS undergraduate enrollment and persistence. Albeit small sample size within this study, both
from a total participation of three, to only one female representative impacts the ability to
generalize experiences for US CS students, the findings and discoveries are a contribution to the
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current CS educational pathway scholarly body of knowledge and tactical practice knowledge.
The main take-a-ways from this research, that I believe are contributions to the Career and
Workforce Education and STEM Education bodies of knowledge are:
1. There is not one unique setting or prescription for enabling interest in CS, CS
educational pathways and success. Each of the participants shared different stories,
impacts and influences; however, each of them did share a love of seeing things work,
hands-on application, making a difference and support from teachers and parents.
And even when the circumstances are almost exactly the same, as we saw with Grace
and her sister, other factors play a role in educational and career interests. We must
meet each interested child and student and where they are, enabling each student to be
part of their own individual, mutual and reciprocal exploration and interest with CS,
and additional research is needed to see if there are opportunities to provide
prescriptive influences.
2. Students’ growth in a skillset is not always linear and it needs to be understood that
exposure in K-12 to CS is essential, even if immediate enrollment in CS postsecondary programming is not seen. Sometimes a person can be exposed to
something and it may take years for them to see the relevance or value of what
they’ve learned; but when they do make that connection it can be lifechanging and
profound.
3. Anyone can be a CS person, and we as educators, researchers, parents, role models,
and more need to support, nurture and feed children’s interest, support systems and
internal gumption to push through the hard times in things they love to do and dream
of growing up to be.
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Appendix A: Demographic Questionnaire
Thank you for agreeing to take part in this research study designed to understand the educational
pathways of undergraduates in computer science. Today, through this survey, we will be gaining
your basic demographic information, as well as your experiences to date in your Computer
Science journey. This survey should take less than 5 minutes to complete. All answers will be
kept confidentially.
Please select only one response per question, unless specified in the question prompt.
1. What is your age?
a. 18-20 years of age
b. 20-22 years of age
c. 22-24 years of age
d. 24-26 years of age
e. 27+ years of age
2. What race/ethnicity do you identify as? __________________________________
3. What is your gender?
a. Female
b. Male
4. What year of undergraduate are you in?
a. Junior (3rd year)
b. Senior (4th year)
c. 5th year + undergraduate
5. What is your major? _________________________________________________
What is your minor? _________________________________________________
6. When were you first exposed to Computer Science, or its principles?
a. Early age (before kindergarten)
b. Elementary School (K- 5th grade)
c. Middle School (6-8th grade)
d. High School (9-12th grade)
7. Where were you first exposed to Computer Science, or its principles (please select all that
apply)
a. Home
b. Before/After School Program
c. School, mandatory class
d. School, elective class
e. Other, please specify
8. Please select your self-perceived level of competence in Computer Science.
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a.
b.
c.
d.
e.

Excellent
Above Average
Average
Less than Average
Poor

9. For the following prompts, please provide your response in one complete sentence
a. Please describe your beliefs regarding your ability to successfully create, test and
debug a computer program.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
b. Please describe your thoughts regarding your ability to identify and correct and
error within your focused area of Computer Science.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
c. Please describe your belief in your ability to learn Computer Science.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
d. Please describe your belief in your ability to use Computer Science skills to solve
a problem.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
e. Please describe your belief in your ability to collaborate/work with others to use
Computer Science to solve a problem.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
10. Please describe your belief in and desire to complete a Computer Science degree at the
University.
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

144

Appendix B: Consent Form
Consent to Participate in Research Involving Minimal Risk
Information to Consider Before Taking Part in this Research Study
Title: A MULTI-CASE STUDY OF COMPUTER SCIENCE STUDENTS EDUCATIONAL
PATHWAYS THROUGH THE GENDER LENS
Pro # __00039035_____
Overview: You are being asked to take part in a research study. The information in this
document should help you to decide if you would like to participate. The sections in this
Overview provide the basic information about the study. More detailed information is provided
in the remainder of the document.
Study Staff: Stephanie Fitzsimmons who is a Doctoral Candidate at the University of
South Florida is leading this study. This person is called the Principal Investigator. Dr.
Victor Hernandez is guiding her in this research. Other approved research staff may act
on behalf of the Principal Investigator.
Study Details: This study is being conducted at the University of South Florida. The
primary purpose of this research is to explore the nature (experiences and perceptions) of
the educational pathways, critical factors, and commonalities/differences leading
undergraduate enrollment in Computer Science. If you take part in this research, you will
be asked to complete a demographic questionnaire, participate in three 90 minute – 2
hour interviews and complete 3 journal entries over the course of the semester.
Participants: We are asking you to participate because of your academic path of
computer science. I am looking to see how factors in your life have impacted your pursuit
Voluntary Participation: Your participation is voluntary. You do not have to participate and
may stop your participation at any time. There will be no penalties or loss of benefits or
opportunities if you do not participate or decide to stop once you start. Your decision to
participate or not to participate will not affect your student status, course grade,
recommendations, or access to future courses or training opportunities.
Benefits, Compensation, and Risk: We do not know if you will receive any benefit from
your participation. There is no cost to participate. You will be compensated with $50 in
Starbucks Gift Cards for your participation. This research is considered minimal risk.
Minimal risk means that study risks are the same as the risks you face in daily life.
Confidentiality: Even if we publish the findings from this study, we will keep your study
Why are you being asked to take part?
We are asking you to take part in this research study because you are a student
undergraduate enrolled in a Computer Science program. The purpose of the study will be to
explore the nature of the educational pathways leading to undergraduate enrollment in
computer science through the lens of gender (male, female). By looking at your experiences
of the three focus areas personal/home (individual characteristics, family influences),
academic/attitude (structural barriers in middle and high school, perceptions of STEM
careers) and psychological (psychological factors) I seek to understand your and other
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participants educational pathways and explore gender differences in terms of experiences,
barriers, and supports leading to enrollment in an undergraduate CS program.
Study Procedures:
During the study you will be asked to take part in 3 pieces (questionnaire, 3 journals, 3
interviews) of the study procedure over the course of 1 semester. First, the demographic
questionnaire. This questionnaire has 15 or less questions that seeks to understand your
demographics (age, gender, ethnicity, exposure to computer science, etc.). Next, you will be
asked to meet for the first interview. Interviews will take place online via Zoom at a mutually
agreeable time between you and the researcher. This interview will take approximately 2
hours and will focus on gaining an understanding of your educational pathway to studying
computer science. After this interview, you will be asked to complete 3 journal entries, each
which should take approximately 1 hour to complete. The journal entries will focus on the
three categories of social cognitive career theory. At the completion of each journal, you will
be asked to either email or USPS the journal entries back to me. Towards the middle and
end of the semester, we will meet again for the mid interview and final interview. Each
interview, mid and final, will last approximately 2 hours each. These interviews will focus on
the study pieces you’ve provided throughout the semester and will seek to understand the
stories and experiences you’ve shared. A few days after each interview, I will send you via
email the transcript of our conversation for you to review and ensure accuracy; any edits or
comments that you have will be sent back to me via email.
At each interview, you will be asked to:
Review the transcript to ensure accuracy in your statements, as well as provide any
edits or comments back to the researcher through email.
Total Number of Participants
About 8 individuals will take part in this study at USF.
Alternatives / Voluntary Participation / Withdrawal
You do not have to participate in this research study.
You should only take part in this study if you want to volunteer. You should not feel that there
is any pressure to take part in the study. You are free to participate in this research or
withdraw at any time. There will be no penalty or loss of benefits you are entitled to receive if
you stop taking part in this study. Your decision to participate or not to participate will not
affect your student status (course grade) or job status.
Benefits
The potential benefits of participating in this research study include:
A better understanding of the SCCT factors that support and challenge your pursuit of
Computer Science as an educational pathway.
Risks or Discomfort
This research is considered to be minimal risk. That means that the risks associated with this
study are the same as what you face every day. There are no known additional risks to those
who take part in this study.
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Compensation
You will be compensated with a total of $50 in Starbucks gift cards. You will receive a
portion of the $50 at the completion of each section (initial interview, mid-interview, final
interview, 3 journals). If you withdraw for any reason from the study before completion you
will be compensated for each study piece you complete.
Costs
It will not cost you anything to take part in the study.
Privacy and Confidentiality
We will do our best to keep your records private and confidential. We cannot guarantee
absolute confidentiality. Your personal information may be disclosed if required by law.
Certain people may need to see your study records. These individuals include:
The research team, including the Principal Investigator and her dissertation
supervisory committee.
Certain government and university people who need to know more about the study.
For example, individuals who provide oversight on this study may need to look at
your records. This is done to make sure that we are doing the study in the right
way. They also need to make sure that we are protecting your rights and your
safety.
\The USF Institutional Review Board (IRB) and its related staff who have oversight
responsibilities for this study, and staff in USF Research Integrity and Compliance.
Your information and samples collected as part of this research, even if identifiers are removed,
will NOT be used or distributed for future research studies. If completing the study online, it is
possible, although unlikely, that unauthorized individuals could gain access to your
responses. Confidentiality will be maintained to the degree permitted by the technology used.
No guarantees can be made regarding the interception of information sent via the Internet.
However, your participation in this study involves risks similar to a person’s everyday use of
the Internet.
We may publish what we learn from this study. If we do, we will not include your name. We
will not publish anything that would let people know who you are.
What if new information becomes available about the study?
During the course of this study, we may find more information that could be important to you.
This includes information that, once learned, might cause you to change your mind about
being in this study. We will notify you as soon as possible if such information becomes
available.
You can get the answers to your questions, concerns, or complaints.
If you have any questions, concerns or complaints about this study, call Stephanie
Fitzsimmons at [phone number]. If you have questions about your rights, complaints, or issues
as a person taking part in this study, call the USF IRB at (813) 974-5638 or contact by email
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at RSCH-IRB@usf.edu.
Statement of Person Obtaining Informed Consent and Research Authorization
I have carefully explained to the person taking part in the study what he or she can expect
from their participation. I confirm that this research participant speaks the language that was
used to explain this research and is receiving an informed consent form in their primary
language. This research participant has provided legally effective informed consent.
_______________________________________________________________
Signature of Person Obtaining Informed Consent Date
_______________________________________________________________
Printed Name of Person Obtaining Informed Consent
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Appendix C: Interview Protocols and Questions
Timeline Interview
Introduction: Introduce myself to the participant, ask how he/she is today. Today’s interview will
take approximately 2 hours. Start with a short introduction of the study –the purpose of the study
is to explore the nature of the educational pathways and some of the factors that have shaped
different and common experiences leading to undergraduate enrollment in computer science
through the lens of gender. In short, I am hoping you can talk me through from elementary
school, middle and high school years to now how your interest and exposure to CS brought you
to where you are now, enrolled in a CS program here at the university. On the table, we have a
piece of paper and colored pens (or if in a room with a whiteboard type environment, we have
markers), please use them to help draw out your pathway as we talk.
As we go through we will talk about your life and experiences from elementary school to
now, with the paper and markers, please help draw out those experiences on a timeline from left
to right so that when we’re complete we’ll have a graphical representation of factors that have
impacted your pursuit of CS from your early education (left) to present (right).
You should only take part in this study if you want to volunteer. You should not feel that there is
any pressure to take part in the study. You are free to participate in this research or withdraw at
any time. There will be no penalty or loss of benefits you are entitled to receive if you stop
taking part in this study. Decision to not participate will not affect your student status (course
grade) or job status.
Let the participant know that the research study will be recorded.
Permission to begin the interview: Ask the participant if they are ready to begin the interview
and consent to the recording.
Interview Questions:
• Tell me about your family, where you grew up, your home life, your identity, your
cultural influences
• When were you first exposed to, or start taking, computer science?
• Tell me about your experiences in Elementary School /Elementary School Age– was
there any event, teacher, class that led you to an interest in technology or CS?
• Now tell me about your experiences in Middle School/Middle School Age – was
there any event, teacher, class that led you to an interest in technology or CS?
• Please describe now your experiences in High School/High School Age - – was there
any event, teacher, class that led you to an interest in technology or CS?
• How or why did you came to be here at the university pursuing a degree in CS?
o What made you interested in CS?
• Can you tell me a little bit about your thoughts or beliefs about STEM careers,
particularly CS
• Looking back at our conversation and the timeline we’ve created together, do you feel
that we’ve explored those critical events in your life that helped to inspire you to
pursue CS?
• Is there anything I did not ask you that you’d like to share with me at this time?
These questions may be clarifying, or deeper probing related to an individual’s
responses. Additionally, I may choose to add in questions during this interview to clarify and
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understand emerging themes from the collective data of all participants and gather the
individual’s perspective on those themes.
Closing: Thank you for taking the time to talk with me today. I’ll transcribe the notes from our
session and send to you within the next week. In addition, I’ll send you the first of the 3 journal
prompts via email soon. I truly appreciate you sharing your story with me today and hope that
you have a wonderful rest of the day. Give participant the $10 gift card for completing the
timeline interview. Thank you again.
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Appendix D: Participant Journal Protocol
Journals will be conducted at three times throughout the semester, following the initial
timeline interview and preceding the final interview. Journal instructions for each of the 3
journals throughout the semester will be the same. Journal topics will change for each journal
and will focus on a focus area personal/home (individual characteristics, family influences),
academic/attitude (structural barriers in middle and high school, perceptions of STEM careers)
and psychological (psychological factors). Journal requests will occur 1 week after the initial
interview and will be requested at a 2-week interval for all participants.
Instructions: Please read the prompt for this journal and focus your response to the topic.
Journal articles should be between 2 to 3 pages in length. Please reflect on your life and
experiences dating back from as far as you can remember to current day. Thank you for taking
the time to complete each journal topic. Upon completing, please return to Stephanie at
fitzsimmonss@mail.usf.edu as a password protected PDF. Please email the document and the
password in two separate emails. Or if you’d prefer to return the journal via USPS, please use the
pre-stamped envelopes provided at your timeline interview.
Journal Topic 1: Tell me about your personal and home life. How would you describe
yourself, your identity, your culture, your family, and your upbringing? Reflect also on how any
of these factors, either along or in combination have influenced (or discouraged) you from
pursuing Computer Science as a degree.
Journal Topic 2: Tell me about your school experiences from pre-school to today. What
courses did you like? And why? Why courses did you not like? And why? Tell me a bit about
your first exposure to Computer Science – what grade, class, teacher, after school club, etc. How
did this experience and future experiences guide you in your pursuit of Computer Science? What
your perceptions of CS? Did they differ from others in your world, and if so how? How, if any,
did those with similar or different perceptions of CS impact your interest in CS?
Journal Topic 3: Please describe how you perceive yourself and your skills in CS. Be sure
to explain how you think about your successes, failures and opportunities/challenges in CS? Do
you think you have a growth of fixed mindset? Share with me the stereotypes you see in CS
students or career professional’s, do these align with societal stereotypes – describe why/why
not. Lastly, please share with me a story about your feelings regarding how you fit into the
academic and career community within CS.
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Appendix E: Mid and Final Interview Protocol
Mid Interviews were conducted between the 2nd and 3rd journal submission. Final Interviews
were conducted towards the end of the semester, after the participant has completed the timeline
interview and 3 journal prompts. Questions and topics of conversation will be developed based
on individual participant’s timeline interviews, and participant’s journal submissions.
Introduction: Introduce myself to the participant; ask how they are doing today. Thank
the participant for his or her participation thus far in the study. Today’s interview will last ~90
min – 2 hours. Provide a short recap of the study - the purpose of the study will be to explore the
nature (experiences and perceptions) of the educational pathways, critical factors, and
commonalities/differences leading to undergraduate enrollment in Computer Science.
Today’s interview is to allow us to address and clarify comments from previous data
submissions, confirm/validate understandings, as well as commonalities and differences noted in
the research documents to date.
Let the participant know that the research study will be recorded.
Permission to begin the final interview: Ask the participant if he/she is ready to begin the
interview and consent to the recording.
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Appendix F: Ad for Participant

Research Study
Are you an undergraduate Junior or Senior in Computer Science?
If so, we are looking for you to participate in a research study on gender*, Social Cognitive
Career Theory (SCCT) and Educational Pathways in computer science programs.
What’s in it for you?
• A better understanding of your SCCT factors and path
• $50 in Starbucks gift card as a thank you for participation, paid in increments at the
completion of data collection phases (interviews, journal prompts)
Research Purpose
To understand the nature (experiences and perceptions) of the educational pathways, critical
factors, and commonalities/differences leading to undergraduate enrollment in Computer
Science.
Time Commitment
• Three 90 minute to 2-hour interviews during the semester (beginning, middle, end)
• 3 journal writings during the semester
If interested
- Contact Stephanie Fitzsimmons at fitzsimmons@mail.usf.edu or [phone number]
*Note 1: participants must identify as either male or female
**Note 2: small compensation for this study will be provided
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Appendix G: Codebook
1. Academic/Attitude
a. Attitude
b. Challenges/frustration
c. College
d. Community College & Impact
e. CS/Cyber/Tech
f. Early exposure
g. Elementary school
h. Extracurricular
i. Gender
j. Hands-on/ Build
k. High school
l. Interest
m. Love of CS
n. Middle school
o. Military
p. Not feeling prepared
q. Opportunities – adv/ missed
r. Passion not $/ genuine interest
s. Perspective of CS
t. Perspective of STEM
u. Pressure
v. Relevancy
w. Soft skills
x. STEM
y. STEM careers
z. Stereotypes
aa. Support
bb. Teacher
cc. Team/group
dd. Technical skills
2. Diversity
a. College
b. Diversity
c. Gender
d. Not inclusive
e. Performance based
f. School
g. STEM careers
h. Stereotypes
3. Employment
a. Jobs/ internships
4. Future
a. Employment- future
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5.
6.

7.

8.

b. Feeling prepared
c. Future
d. Importance of CS
e. Mentor
f. Not feeling prepared
g. STEM
h. Technology impact on future
i. What I wanted to be when I grew up
Guidance to a younger student
a. Guidance
Military
a. Confidence
b. Impact
c. Mentor
d. Military
Personal/ Home
a. Childhood
b. Conflict resolution
c. Diversity
d. Early exposure
e. Extracurricular
f. Family
g. Friends
h. Help people
i. Home
j. Interest
k. Lonely
l. Military-family
m. Motherhood
n. Personal
o. Problem solving
p. Stress
q. Volunteerism
Psychological
a. Accomplishment
b. Doesn’t know who she is
c. Drive/ pursuit of excellence
d. Emotional support
e. Help people
f. Imposter syndrome
g. Insecure
h. Loss
i. Mindset – fixed/growth
j. Motivation
k. Performance based
l. Persistence
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m.
n.
o.
p.
q.
r.
s.
t.
u.

Personality
Procrastinate
Psychological
Reflection
Self-efficacy
Sense of belonging
Sense of inequality
Stress
Support
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